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ABSTRACT
Inheritance o f  r e s is ta n c e  to  Fusarium w ilt  was studied  in  
severa l p lantings of th e  p aren ts, F^, F  ̂ and F  ̂ populations o f  2 
crosses between r e s is ta n t  and su scep tib le  s tr a in s  o f Upland co tton .
Half and Half was the su sc e p tib le  parent in  both c r o sse s . D elfos 1j25 
was th e res is ta n t parent in  one cross and Coker 100 Ga. was th e  
r e s is ta n t parent in  th e  o th er. A ll populations were grown in  th e  
f ie ld  on s o i l  n a tu ra lly  in fe s te d  with Fusarium w ilt  and the reniform  
nematode. Plants were c la s s i f i e d  for degree o f in fe c t io n  based on 
both vascular d isco lo ra tio n  and le a f  symptoms o f  the d isea se .
The parents o f  each cross d iffe re d  w idely in  th e ir  reaction  
to  w i l t .  Most o f  the p la n ts  o f  D elfos l|2£ and Coker 100 Ga. were 
eith er free  o f w ilt  symptoms or had only l ig h t  vascu lar d isco lo ra tio n . 
Most o f  the p lan ts  of H alf and Half had moderate to  severe le a f  
symptoms of w i l t .  There was, however, some overlapping in  the  
d istr ib u tio n  o f parent p la n ts; the extent o f overlapping varied with  
the p lanting .
The F  ̂ generation  o f each cross was very variab le  in  i t s  
reaction  to  w i l t .  F̂  p la n ts  occurred in  every w ilt  c la s s .  The average 
degree o f in fe c tio n , however, was somewhat interm ediate between th e  
parents. In no case d id  the F-̂  generation show complete dominance for  
res ista n ce  or s u s c e p t ib i l i t y .
v i i
The continuous v a r ia tio n  among in d iv id u a l p la n ts  and F  ̂
l in e  means, in  each c ro ss , in d icated  th a t re s is ta n ce  to  w ilt  should  
be considered as a q u an tita tive  character, although the frequency  
d is tr ib u tio n  o f F  ̂ p lan ts and F  ̂ l in e  means was not e n t ir e ly  ty p ic a l  
fo r  such a ch aracter. The frequency of probable parental recoveries  
in  th e F  ̂ generation of both crosses in d icated  th at th e parents 
d iffe re d  in  th e ir  w ilt  reaction  by at le a s t  2 but probably no more than  
3 pa irs o f gen^s. The behavior o f Fg p lan ts and F  ̂ l in e s  suggested  
th a t th ese  2 or more p a irs  of genes were not equal in  th e ir  e f f e c t s  on 
r e s is ta n c e . The f u l l  res ista n ce  o f D elfos i\2$ and Coker 100 Ga. 
appeared t o  have been due to  a major p a ir  o f genes p lus one or more 
p airs o f minor or modifying genes.
Estim ates o f h e r ita b il i ty  for  re s ista n ce  to  w ilt  were high in  
th e  D elfos [|25 x  Half and Half cross but low in  the Coker 100 Ga. x 
Half and Half cross as measured by p arent-offspring c o rre la tio n  and 
reg ressio n . The in con sisten cy  in  the r e s u lts  may have been due to  
v a r ia tio n s in  the s e v e r ity  and uniform ity o f 'w ilt - in fe c t io n  between 
th e  2 d iffe r e n t  F  ̂ populations.
S tudies were a lso  made in  the parents, F  ̂ and F2 populations  
o f the D elfos U2.5 x  Coker 100 Ga. cross in  an e f fo r t  to  detertnine 
whether genes fo r  res ista n ce  to  w ilt  occurred at the same or at 
d iffe r e n t  lo c i  in  th e 2 w ilt -r e s is ta n t  s tr a in s . The F 2 population  
fa ile d  to  g ive  con clu sive  evidence in  t h is  regard due to  the nature 
o f w ilt  in fe c t io n .
INTRODUCTION
Fusarium w ilt, oaused by Fusarium osysporum f , vaainfectum 
(Atk.) Spyd, and Hans., has baen one of the moat aorloua diseases of 
cotton in  th is  country since i t  was f i r s t  described by Dr. O. F. 
Atkinson in  1892. The disease i s  prevalent in  the major cotton grow­
ing sections of Louisiana and in  a l l  other cotton producing sta tes from 
the A tlantic ooast to  Central Texas. I t  i s  particu larly  severe in  the 
coastal p lains area and din other areas of sandy and s i l ty  loam s o il .
The disease causes a reduction in  y ie ld , loss of stand and reduced 
quality  of l in t  and seed. A oosqplete crop fa ilu re  can resu lt on so il  
severely in fested  with w ilt i f  control measures are not employed.
Cotton breeders in  th is  country have given a great deal of 
a tten tion  toward the development of superior agronomic varie ties  of Up­
land cotton having resistance to  Fusarium w ilt. These e ffo rts  dote 
baok some 60 years to  the early  breeding work of Dr. V. A. Orton, who 
introduced the f i r s t  w ilt- re s is tan t varie ty  of Upland cotton in  1905.
As a re su lt of the concerted e ffo rts  of both public and private cotton 
breeders and pathologists to  control Fusarium w ilt by breeding re s is tan t 
v a r ie tie s , many conmsrcial v arie ties  have been released since tha t dote 
with resistance to  th is  disease. These varie ties  have been very impor­
ta n t in  reduoing the losses from Fusarium w ilt. Because of these 
v a r ie tie s , cotton s t i l l  can be grown profitab ly  on much of the w ilt-  
in fested  s o il  which otherwise would have been lo s t from production.
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A conqplic&ting fac to r In the  development of Fusarium w ilt la  
the fac t th a t th is  diseaae la  dependent, prim arily , on some other 
organism auch aa nematodes, to  provide wounds to  the root system 
through idiieh the  w ilt pathogen can en te r  in to  the vascular tis su e . A 
high incidence of Fusarium w ilt is  almost always associated with plant 
p a ra s itic  nematodes. Variations in  th e  species of nematodes and the 
nunber with which they occur in  the s o i l  bring about varia tions in  the 
incidence of w ilt. Also, differences Which may occur in  degree of 
resistance and su scep tib ility  of d iffe ren t cottons to  nematodes may 
have an Ind irec t e ffec t on th e ir  reac tion  to  w ilt .
Although considerable progress has been made in  the breeding 
fo r resistance to  Fusarium w il t ,  very l i t t l e  genetic a l  data have been 
made available on i t s  inheritance w ithin Upland cotton. In  fa c t , only 
one systematic study on the inheritance of w ilt-res is tan ce  in  Upland 
cotton has been completed In th is  country. This study was made within 
the past 10 years and was reported ju s t recen tly . Several studies on 
Inheritance of w ilt-resis tance have been made in  other countries, but 
none of these studies involved Upland cotton. More basic research on 
the inheritance of th is  character would be desirable since resistance 
to  w ilt i s  such an Important character in  the Upland cotton breeding 
program of many s ta te s . A b e tte r  understanding of the inheritance of 
th is  character possibly would allow cotton  breeders to  make more 
e ff ic ie n t plans fo r the incorporation o f genes fo r w ilt-resis tance  in to  
th e ir  breeding m aterial.
The research reported herein was conducted to  provide basic 
information on the Inheritance of w ilt-resis tan ce  in  Upland co tton .
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Studies were made in  the parents, F^, ?0 and F populations of 2
2 3
crosses between re s is ta n t and susceptible s tra in s . The 2 crosses 
involved d iffe ren t noncommercial s tra in s  of w ilt- re s is ta n t cotton, 
Delfos U25 and Coker 100 Ga., each of which was crossed with a  common 
w ilt-susceptib le  s tra in , Half and Half. Studies were also  aada in  th e  
parents, and Fg populations of a oross between the 2 w ilt- re s is ta n t 
s tra in s , Delfos k2$ x  Coker 100 Ga. These studies were made in  1951, 
1952 and 1953 on the w ilt p lo ta a t the  Agronongr Farm. These p lo ts  
were natu ra lly  in fested  with Fusarium w ilt and the ren ifo ra  nematode, 
Rotylenoholua ren ifo ra ls  Linford and O livier a, as well as other species 




Atkinson (2 ), in  1892, was the  f i r s t  person to  estab lish  the 
causal organise o f Fusarium w ilt of cotton fo r which he proposed the
t
nans Fnserlne rasin fsc tu e  Atk. A few years la te r ,  E. P. Snith (36 ) 
eade an extensive study of th e  Fosarla found associated with w ilt in  
cotton, cowpeas and watermelon. Swlth, believing th a t he had d is­
covered the  perfect stage of th e  w ilt fungus on cotton, designated the  
fungus as Neocosmospora vasinfecta (Atk*) Smith. I t  was la te r  shown 
th a t there was no genetic rela tionsh ip  between the  Neocosmospora 
referred  to  by Snith and the  in te rn a l fungus, Fusarium vaainfectun, which 
Atkinson associated with cotton wilt*
In  19U0, Snyder and Hanson (37) reduced a l l  former species of 
Fu8aria in  the section Slogans to  biological forms of one and the sane 
species* Based on usage and p r io r i ty , they proposed th a t the  species 
be called Fusarium oxysporua to  which would be attached a "forma" name 
to  indicate re la tiv e  sp e c if ic ity  fo r  host as well as pathogenicity* In  
accordance with th is  rev ision , the  Fusarium w ilt pathogen of cotton i s  
now referred  to  as F. oxysporua f* vaainfectun (Atk*) Snyd* and Hans* 
Symptoms o f th e  Ft-Jarium w ilt disease of cotton as given by 
Atkinson (2) are e ssen tia lly  as follows: The f i r s t  sign of the disease 
is  a lig h t yellowing of the lower leaves at the edge or more commonly be­
tween the forks of the main veins of the leaf* The yellow color is  
sometimes very pale, almost white, and i s  followed by a drying of the
k
5
affected areas of the  leaf* As these p arts  of the le a f  d ie they tu rn  
brown, become ragged, and eventually f a l l  from the plant* Gradually 
th e  disease advances in to  the  o ther leaves u n ti l  nearly a l l  o f the 
leaves are affected* The most ch a rac te ris tic  symptom of the disease 
i s  observed on cutting  or breaking the stem of the plant* The f ib ro - 
vascular system of a l l  w ilt infected plants w ill appear lig h t brown in  
color, the  depth of the  color being dependent upon the  virulence or 
stage of the attack* Plants sometimes put out new growth and seem to  
recover to  a ce rta in  degree from the disease* In  many cases the upper 
p art of the plant d ies, the new growth coming from the la ten t buds and 
dwarfed branches near the ground* Many of the p lan ts die outright*
Smith (36) suggested th a t the w ilting of cotton, cowpea and 
watermelon plants was due to  the mechanical plugging up of the vascular 
system by the w ilt organism. He was able to  find  considerable nycelium 
within the water-conducting tubes, and assumed th a t the amount present 
was su ffic ien t to  act as an obstruction to  the passage of liq u id  upwards, 
th u s, causing the condition known as "w ilt". His explanation was widely 
accepted by the  leading plant pathologists fo r the next 2$ or so years* 
Rosen (26) reported on a large number of experiments in  which 
pure cultures of d iffe ren t s tra in s  of the cotton-w ilt fungus were grown 
on various liqu id  media* The fungus was removed from th ese , and to x ic ity  
studies undertaken with the f i l tr a te s *  Rosen theorised from these studies 
th a t the w ilting of cotton plants infected with the w ilt fungus was due 
prim arily to  ce rta in  poisonous chemical compounds produced by the fungus 
ra ther than due to  the mechanical plugging up of the vessels by the 
fungus as Smith (36) had assumed*
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Neal (21) aleo observed th a t both the f i l t r a te s  from liqu id  
media in  which th e  w ilt fungus had grown and ex tracts of the qycelial 
mat of the fungus possessed toxic substances which produced symptoms 
sim ilar to  w ilt diseased p la n ts . He reported these toxic substances 
to  be thermostable*
Cflfamann (9) made an extensive review of the li te ra tu re  on 
the toxins produced by* various w ilt pathogens. He reported th a t the 
tomato w ilt fungus, F* oxyaporum f .  lyooperalci (Saco.) Snyd. and 
Hans., produces both fusaric  acid and dehydrofusaric acid, but th a t , 
so f a r ,  only fusaric  acid has been iso la ted  from the cotton w ilt 
fungus* GStunann theorized th a t re s is ta n t v a rie ties  were re s is ta n t 
because conditions within the p lant were not favorable to  allow the 
pathogen to  spread and, in  p a rtic u la r , to  fo ra  adequate toxin*
Factors Influencing Pathogenicity 
Atkinson (2 ), when he f i r s t  described the disease, reported 
considerable d if f ic u lty  in  inducing healthy cotton plants to  succumb to  
the  disease when a r t i f ic ia l ly  inoculated with pure cultures of the w ilt 
fungus* Atkinson concluded th a t the w ilt organism was not a su ffic ie tly  
aggressive p a ras ite  to  be able to  make i t s  way into the circulatory  
system of the p lan t unaided* He noted the  association between w ilt and 
root-knot nematodes and between w ilt and the "damping-off" disease* He 
was able to  inoculate p lan ts with w ilt i f  the Inoculum was placed next 
to  u lcers on stems a t the s o i l  lin e  of p lan ts recovering from "damping- 
o f f *  Atkinson made the following remarks regarding the association 
o f w ilt (referred  to  as "frenohing" by Atkinson) and root-knot
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nematodes*
"Whenever cotton ie  frenching In  s o i l  affected  by these 
worms, almost every plant affected  by th e  norm ie  also 
affected with the organism of frenching. This i s  
probably because th e  roo ts , being diseased by the  worms, 
o ffer early  aooess to  the p a ra s itic  fungus. However, 
many Of th e  plants th a t are frenching are not affected by 
the nematodes even in  sandy land. The two diseases are 
d is t in c t , but when both attack  a p lant th e  condition of 
the  plant i s  much more serious."
He also pointed out th a t i t  i s  possible to  find  p lants heavily galled
by the  root-knot nematodes th a t  are not affected  by w ilt ,  but th a t most
of the plants affected by the nematodes are likewise affected  by w ilt.
He then concluded,
"This goes to  show th a t the nematodes do not produce 
the frenching in  those places, but th a t  they may open the 
way fo r the  entrance of th a t  organism, Just as the 
daisping-off fungus, or any other in ju ry  to  the root w ill 
do, provided the organism of frenching i s  in  the s o i l ."
E. F. Smith (36) also had great d if f ic u lty  inoculating healthy 
p lants with Fusarium w ilt. He sta ted  th a t a l l  o f hie s o i l  inoculations 
had fa ile d  although they had been performed on many small p lan ts, 
repeated in  d iffe ren t years and continued, in  some cases, fo r  a long 
time with both Sea Island and Upland cotton.
Orton (23) was successful in  inducing healthy cotton p lan ts to  
succumb to  w ilt by inoculating the s o i l  in  which they grew w ith pure 
cultures of the w ilt fungus. In regard to  h is inoculation experiments 
he s ta ted ,
"The plants were grown a few weeks in  pots and than & 
small quantity of fungus from a pure culture was 
placed in  the  bottom of each one. Eight days la te r  
they were transplanted to  th e  open ground. The f i r s t  
case appeared a fte r  35 days. Fourteen out of 21*. p lan ts 
contracted th e  disease."
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Orton noted th a t w ilt was very severe when the s o il  was also in fested  
with th e  root-knot nematode but he disagreed with Atkinson regarding 
th e  aggressive nature of th e  w ilt fungus* About th is  Orton wrote,
" I t i s  not believed by the w rite r, however, th a t the 
assistance of the  root nematode or of any fungus i s  
necessary to  allow the w ilt fungus to  gain entrance 
to  th e  roots of cotton* Some of th e  worse oases of 
w ilt disease th a t have been observed were on land 
share no root nematodes could be found. Nor i s  i t  
believed th a t mechanical in ju ry  to  th e  roots from 
cu ltiva tion  or other causes i s  necessary to  produce 
infection* Cotton planted on infected f ie ld s  la te  in  
the  season, a f te r  cu ltiva tion  had ceased, and when 
conditions were not favorable to  the  growth of damping- 
o ff fungi in  the s o il ,  contracted the disease at the 
usual time* The indications are th a t the fungus i s  a 
su ffic ien tly  aggressive p aras ite  to  make i t s  way un­
aided in to  the vascular system of th e  plant whenever 
the plant i s  lia b le  to  in fec tion ."
Rosen (25) reviewed the li te ra tu re  on the pathogenicity of 
the cotton-w ilt fungus and emphasized, th e  d if f ic u lt ie s  th a t most 
investiga to rs , up to  tha t tim e, had experienced in  producing a r t i f i c ia l  
in fections of Fusarium w ilt of cotton* He summarized his experiences 
with a r t i f i c ia l  infection  as followss
"The present w riter has conducted re la tiv e ly  large 
numbers of experiments over a  period of about seven 
years, involving f ie ld  and greenhouse te s ts ,  using 
at times over 50 d ifferen t v a rie tie s  and s tra in s , 
many of them extremely susceptible under certa in  
f ie ld  conditions! and, with very few exceptions, th e  
ty p ica l f ie ld  forms of w ilt were not obtained*"
Rosen considered the fungus to  be prim arily a co rtic a l rot-producer
with i t s  ch ief means of entrance through wounds on the ro o ts . He
farther stated,
"Frequently i t  i s  found producing a lim ited , more 
or le ss  su p e rfic ia l, ro ttin g  of tis su e  about the 
natu ra l wounds induced by extruded, secondary 
ro o ts ."
Rosen f u r th e r  m entioned su ccu lence  produced by ex cessive  m oistu re  and 
unbalanced n u t r ie n ts  as conducive to  w i l t  developm ent. O ther ag en ts , 
such as nematodes, wire-worms and R h izo c to n ia  le s io n s ,  which are 
capab le  o f d is ru p tin g  ro o t t i s s u e s  o r h in d e rin g  t h e i r  normal develop­
ment, were co n sid e red  to  make Fusarium  in v a s io n  p o s s ib le .  He concluded 
th a t  t h i s  fungus i s  f a r  more l im ite d  in  i t s  w ilt-p ro d u c in g  p ro p e r t ie s  
by c e r ta in  s o i l  f a c to r s  th a n  o th e r  F u sa r ia .
Young (H6) was th e  f i r s t  in v e s t ig a to r  t o  re p o r t  a su c c e ss fu l 
techn ique  fo r  o b ta in in g  h ig h  in c id en ce  o f w i l t  on s t e r i l i z e d  s o i l  
in o c u la te d  w ith  th e  w il t  fu n g u s. T h is in o c u la tio n  tech n iq u e  was used 
by Young in  study ing  th e  e f f e c t  o f  tem p era tu re  on th e  development of 
w i l t  in  c o tto n . The s o i l  was s t e r i l i z e d  w ith  steam  and in o c u la te d  w ith  
r e l a t iv e ly  la rg e  amounts o f  th e  c o tto n  w i l t  pathogen grown in  pure 
c u ltu re  on wheat b ra n . The inoculum  was th o rough ly  mixed w ith  th e  
s o i l .  Using t h i s  te c h n iq u e , Young o b ta in ed  heavy and re p ea te d  in fe c t io n  
in  th e  greenhouse on w i l t - s u s c e p t ib le  c o tto n  grown a t  th e  optimum 
— tem pera tu re  f o r  w il t  developm ent. Young re p o rte d  d i f f i c u l t i e s  in  o b ta in ­
ing a  h igh  in c id en ce  o f w i l t  when th e  inoculum  was mixed w ith  only th e  
upper 2 o r  3 inches o f s o i l .  He emphasized th e  im portance o f tho rough ly  
mixing th e  inoculum  w ith  th e  s o i l  in  o rd e r  to  o b ta in  high in c id en ce  o f w ilt  
w ith  a r t i f i c i a l  in o c u la t io n .
Tharp (38 ) d e sc rib e d  a s a n d -n u tr ie n t tech n iq u e  fo r  a r t i f i c i a l  
in o c u la tio n  of c o tto n  w ith  w i l t .  This method c o n s is te d  o f growing 
c o tto n  on s t e r i l i z e d  sand i n  3 -g a llo n  j a r s  equipped w ith  siphon d ra in s  
so th a t  m oistu re  would be a u to m a tic a lly  removed i f  th e  l iq u id  ro se  over 
Ijj* inches from th e  bottom . J u s t  p r io r  to  p la n tin g , each po t was
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inoculated with 500 ml. of a 3-dqy old cu lture of a pathogenic iso la te  
o f Fusarium w ilt grown on Richards' so lu tion . The inoculum was mixed 
thoroughly with the  sand in  each ja r .  A nu trien t so lu tion  fo r cotton 
was added to  each pot a t the ra te  of one quart per day* Additional 
inoculations were made on the  lijth , 21st and 26th days following 
p lanting . The temperature was maintained a t approximately 29° C. Six 
v a rie tie s  of cotton were evaluated fo r  w ilt reaction  using th is  in ­
oculation technique. Comparative resistance o f the v a r ie tie s , as 
determined by the  greenhouse t e s t ,  was reported to  be comparable to  
what had been demonstrated under extensive f ie ld  te s t s .  The f i r s t  
symptoms of w ilt appeared on the 21st day, and w ithin one week of th is  
tim e, a l l  p lants o f the Half and Half varie ty  shoved advanced w ilt 
symptoms* The incidence of w ilt was extremely high as indicated by the 
following data taken 1*2 days a f te r  planting: Half and Half -  100$ w ilt,
Misdel #3 -  100$ w ilt, Rowden 2206 -  80$ w ilt, Dixie Triunph #6 -  55$ 
w ilt, Rhyne1 s Cook -  25$ w ilt, Seabrook Sea Island ■ 0$ w ilt,
Armstrong (1) described a so lu tion-culture method of infecting 
p lan ts with w ilt in  the greenhouse. With th is  method of inoculation 
he consistently  obtained heavy in fection  with susceptible v a r ie tie s .
The method consisted of growing large numbers of seedlings on boiled 
excelsior in  wooden f la ts  with \  inch mesh hardware cloth  fo r a bottom. 
This f la t  waB placed over a  metal tra y , f i l le d  with a nutrien t solution 
which had proven sa tisfac to ry  fo r growing cotton. Roots were allowed 
to  grow through the hardware cloth  in to  the  nu trien t so lu tion . A 
sim ilar tray  was f i l le d  with a nu trien t-so lu tion  culture of the  pathogen. 
P lants were inoculated by submerging the roots in to  th e  liq u id  inoculum
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fo r  10 admites and th e  flab  returned to  the regular nutrient solution. 
A fter inoculation in  th i s  wanner, Armstrong reported th a t 90 to  100£ 
w ilt developed w ithin a period of 5 to  9 weeks with susceptible 
v a r ie tie s . No mention was wade of the age of p lant at time of inocu­
la tio n  but presumably they were only a few weeks old.
Several investigators have reported attempts to  increase the  
incidence of w ilt in  th e  f ie ld  by a r t i f i c ia l  inoculation. In general 
these attempts produced ra ther disappointing resu lts  to  the in v esti­
gator (Rosen, 25)* A few cases, however, have been reported where 
increased severity  of w ilt was a ttrib u ted  to  a r t i f ic ia l  inoculation. 
Smith (3U) found th a t large applications of an inoculum grown on a 
small grain  mixture of 3 parts  oats and 1 part wheat, dried and applied 
early  in  the spring a t a  depth of U.to 8 inches below the seedbed, 
brought about an increase in  th e  incidence of w ilt. Later studies (33) 
indicated th a t a  reduction in  infected p lan ts occurred the second year 
following contamination, and reconbaainabion resulted  in  a considerable 
increase in  infected p lants over the f i r s t  contamination. No sign ifican t 
difference was reported in  the amount of w ilt resu lting  from the appli­
cation of comparable amounts of a ir-d ried  and freshly  prepared inoculum. 
The percentage of infected p lants increased d irec tly  with increased 
amounts of contaminant up to  750 pounds per acre.
Sherbakoff e t a l . (28) used a liq u id  culture fo r f ie ld  inocu­
la tio n s  with w ilt .  The method consisted of growing inoculum in  a liq u id  
nu trien t culture fo r 2 days. This inoculum was used to  inoculate an 
u n ste rilized  so lu tion  composed of 1 part tab le  syrup to  100 parts of 
water at the ra te  of 1 flask  of inoculum (300 co.) to  3 gallons of the
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sweetened voter* The bulk cu lture was prepared in  a b a rre l and in ­
cubated fo r 2 days at 80° F« during which time the cu ltu re  was 
frequently* stirred* In  order to  avoid in jurying the root system by 
digging a hole next to the  p lan ts a t the  time o f inoculation, seed 
were planted in  h i l l s  around a 1-inch square wooden peg se t b  inches 
deep in  the ground* The peg was removed when plants were about 2 
weeks old and £ pint of the inoculum was poured in to  the hole* The 
most susceptible v a rie tie s  developed up to  $0% w ilt on s o il  inoculated 
in  th is  manner in  1?U2. Apparently the investiga to rs did not provide 
an uninoculated check fo r measuring the e ffec t of the added inoculum 
on increasing the  incidence of w ilt* However, based on the incidence 
of w ilt in  the same f ie ld  during previous years, the authors were of 
the  opinion th a t the inoculum had increased the severity  of the disease*
The association of the root-knot nematode with severe incidence 
of w ilt was noted by Atkinson (2) as well as most i f  not a l l ,  of the 
early  workers investigating th is  disease* Orton (23) and Lewis (17) were 
among the f i r s t  to  point out the value o f ro ta ting  cotton with root-knot 
re s is tan t crops as a control measure fo r Fusarium w ilt. They pointed out 
th a t the reduction in  the incidence of w ilt was due to  a reduction in  
the root-knot nematode population.
For many years, the root-knot nematode was the only nematode 
thought to  be associated with w ilt . In  1?U0, Smith (32) ca lled  a tten tion  
to  the probable importance of the meadow nematode, Pratylenchus pratensis 
(deMan) F ilip jev , in  the Fusarium wilt-nematode disease of cotton. He 
noted the widespread d is trib u tio n  of the  meadow nematode in  w ilt so ils  
both in  the Piedmont and Coastal P la ins section  of Georgia. I t  was
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reported as being the predominant species in  several f ie ld s  in  which 
v a r ie tie s , normally re s is ta n t to  w ilt , shoved considerable w ilting .
Smith also reported th a t a heavy population of the  meadow nematode as 
w ell as a new species o f nematode, la te r  id e n tif ied  as Rotylenchulufl 
renifom da Linford and O liveira, occurred in  a heavily w ilt- in fes ted  
f ie ld  near Cuthbert, Georgia. This appears to  be the f i r s t  reference 
to  R. reniforwla being associated with severe w ilt development.
In  19lj8, Smith (31) reported th a t cotton w ilt, as well as 
nematodes, was controlled by s o il  fumigation with ethylene dibromLde, 
which was considered generally as having l i t t l e  i f  any fungicidal 
action. Experiments were conducted at both P lains, Georgia in  19U6 and 
at T allassee, Alabama in  19U7* The so il  a t P lains was considered to  be 
of low f e r t i l i t y  with a  moderate w ilt, root-knot and meadow nematode 
in fe s ta tio n . The so il a t Tallassee was reported to  be heavily in fested  
with w ilt, root-knot and meadow nematodes but otherwise very f e r t i l e .
A w ilt-resistan t and root-knot tolerant variety (Coker U in  1) was 
compared with a w ilt and nematode susceptible variety (Deltapine lit) on 
both fumigated and untreated p lo ts . Fumigated p lo ts were treated prior 
to  planting with 31 to  37 gallons of 10j£ ethylene dibromide per acre. 
Markedly increased y ie ld s and almost perfect control of cotton w ilt and 
nematodes were obtained by the use of the s o il fumigant with both re sis­
tant and susceptible v a rieties. In the Tallassee t e s t , y ie ld s were 
increased by so il fumigation from 367 to IO67 pounds of lin t  per acre 
for Coker k in  1 and from 6h to  901* pounds for Deltapine llu  Wilt per­
centage was reduced from 96.8 to  3.2 on the Deltapine 11* variety. Smith 
(30) la ter  expressed the opinion that the openings caused by nematodes
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largely  accounted fo r  the incidence of w ilt th a t occurs naturally  in  
the  f ie ld  and sta ted  th a t th e  Fusarium w ilt organism should now be 
considered essen tia lly  a wound parasite* He accounted fo r  the high 
incidence of w ilt th a t Young (1*6), Tharp (38) and Armstrong (1) obtained 
under more or le ss  s te r i le  conditions by the large amounts of inoculum 
each of the investigators used and explained th a t in  these oases the 
organism may have entered th e  host through wounds made by secondary 
roots emerging from older roots*
The f i r s t  experiment to  defin ite ly  es tab lish  the  importance 
of a specific nematode species, in  pure cu ltu re , on the development of 
Fusarium w ilt was reported by Holdeman and Graham (10)* Individual sting 
nematodes, Belonolaimus g ra c ilis  S te iner, were picked from s o il  washings, 
verified  under the microscope and allowed to  multiply on oats and soy­
beans grown in  s te r i l iz e d  soil* After a  su ffic ien tly  la rge , pure
population of the sting  nematode had developed, a well controlled  
fac to ria l experiment was set-up to  evaluate the  effec t of the sting nema­
tode on the development of Fusarium w ilt on a w ilt-suscep tib le  varie ty , 
Hurley* s Rowden, and a w ilt- re s is ta n t varie ty , Coker 100W, The expert- . 
ment was conducted in  the  greenhouse in  pots f i l le d  with s te r i l iz e d  so il 
some of which remained uninoculated as (1 ) checks, (2) some inocu­
la te d  with a pure population o f sting  nematode alone and (3 ) in  
combination with the Fusarium w ilt organism, and (U) some inoculated 
with the Fusarium w ilt organism alone* Each of the treatments was 
rep licated  i* times fo r  each varie ty . Separate te s ts  were in i t ia te d  on 
d iffe ren t days using 3 d iffe ren t iso la te s  of the w ilt fungus. As an
average of the 3 te s ts ,  78.3 per cent of the plants of Hurley* s Rowden
developed symptoms of w ilt on s o i l  Infested with both Fusarium and the 
sting  nematode as compared to  only 5 per cent on s o il  in fested  with 
Fusarium alone. For the  Coker 10CW varie ty , 59-7 per cent of the p lan ts 
developed w ilt on s o i l  in fested  with both Fusarium and sting  nematode 
but none developed on s o i l  Infested  with Fusarium alone. Very l i t t l e  
or no w ilt developed In  e ith e r varie ty  in  the unlnoculabed cheek pots 
or In  the pots Inoculated with the  sting  nematode alone. Thus,
Holdeman and Graham defin ite ly  established th a t the sting  nematode greatly  
enhanced the  development of Fusarium w ilt In  both w ilt-susceptib le  and 
w ilt-re s is tan t v a r ie tie s .
A few years la te r ,  Martin e t &L. (18) reported on a se rie s  of 
greenhouse experiments to  study the development of Fusarium w ilt on 
cotton grown In  steam -sterilised  s o i l  a r t i f ic ia l ly  inoculated with F. 
oxysporum f .  vaainfectun alone and in  combination with pure populations 
of several species of p lant p a ra s itic  nematodes. The species studied 
were 2 forms of the root-knot nematode, Meloidogyne incognita (Kofoid & 
White) Chitwood, Mololdogyna Incognita ao rita  Chitwood, and unidentified  
species of the genera Trlchodorua, Tylenchorhynchus and Helicotylenchus. 
Pure populations of each of these nematodes were established by hand- 
picking individuals of each species and allowing them to  propagate on 
su itab le  host p lan ts growing in  steam -sterilised  s o i l .  Separate experi­
ments were set-up fo r  each nematode species with evaluations made fo r 
both a w ilt-suscep tib le  varie ty , Deltapine 15, and a w ilt-re s is tan t 
varie ty , Coker 100W. Each experiment consisted of the following k 
treatm ents: (1) check, (2) nematodes only, (3) Fusarium only and
(U) nematodes plus Fusarium, Each treatment was rep lica ted  U to  6 times
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in  e ith e r 8-inch or 3-gallon po ts . Of the 5 nematode species studied 
in  the experiments, the authors concluded th a t the  root-knot nematodes,
M. incognita and M. incognita ao rlta , were the only nematodes to  
s ig n ifican tly  increase th e  incidence of w ilt in  e ith e r  varie ty . Twenty- 
s ix  per cent of th e  p lan ts of th e  Deltapine 1$ varie ty  were reported 
to  develop w ilt in  the pots inoculated with Fusarium only as compared 
to  100 per cent in  the pots inoculated with both Fusarium and M. 
incognita. In  a separate experiment with Coker 10CW, 7 per cent of the 
p lants developed w ilt symptoms in  pots inoculated with Fusarium only as 
cospared to  66 to  83 per cent in  pots inoculated with both Fusarium and 
root-knot, depending on th e  Iso la te  of root-knot nematode used.
Neal (20) reported th a t the reniform nematode, Rotylenchulus 
reniformiB, was recovered in  large numbers from s o i l  samples taken from 
the w ilt p lo ts at the Agronomy Farm near Baton Rouge, Louisiana. Two 
large f la ts  were f i l le d  with the wilt-nematode in fested  s o il  from the 
w ilt p lo ts  and removed to  the greenhouse where one of th e  f la ts  was steam- 
s te r i l iz e d . The s o i l  in  each , f l a t  was thoroughly mixed with equal 
quantities of a Fusarium inoculum and each planted to  a w ilt-re s is tan t 
varie ty , Delfos h2$, and a w ilt-suscep tib le  varie ty , Half and Half. 
Approximately 3 months a f te r  p lan ting , 81 per cent of the and Half 
p lan ts developed w ilt symptoms in  the u n ste rilized  f l a t  as compared to  
10 per cent in  the  f la t  s te r i l iz e d  and la te r  re-inoculated with w ilt 
only. The Delfos h2$ v a r ie ty , showed le s s  than 3 per cent w ilt, even 
where nematodes were present. S o il samples taken from the unste rilized  
f la t  revealed a heavy population of the  reniform nematode as well as a 
few sp ira l forms of the genus Heliootylenohus. Although th is  experiment
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was unreplicated, and several variables uncontrolled, i t  d id  suggest th a t 
Fusarium w ilt night be controlled in  the w ilt p lo ts  at the Agronomy Farsi 
in d irec tly  by control of the nematodes* Since th e  ren ifo ra  nematode 
was present in  such large numbers, i t  was suggested th a t th is  species 
was of primary importance in  the wilt-nematode complex*
Several years la te r ,  Jones e t al* (13) reported th a t  s o il  
fumigation with dichloropropene-dichloropropane mixture and ethylene 
dibromide d id , in  fa c t, reduce the incidence of w ilt on the  w ilt p lo ts 
at the Agronoiqy Farm near Baton Rouge, Louisiana by reducing the nema­
tode population. Data were presented which indicated th a t the reniform 
nematode was most probably the  important species in  the wilt-nematode 
complex in  these w ilt p lo ts . I t  was pointed out th a t the reniform 
nematode greatly  increased th e  incidence of w ilt on w ilt-suscep tib le  
v a r ie tie s , bu t, unlike the root-knot and sting nematodes, i t  did not 
m aterially  increase the incidence of w ilt on any of a number of v a rie tie s  
considered to  be re s is tan t to  wilt* This occurred even though the w ilt-  
re s is ta n t v a rie tie s  appeared to  be ju st as susceptible to  the reniform 
nematode as the w ilt-susceptib le v a rie tie s .
Young (1*6) reported on a series of well controlled  experiments 
on the  re la tio n  of s o il  temperature to  the  development of cotton w ilt. 
These experiments were carried  out in  the greenhouse using Wisconsin 
S o il Tenperature Tanks in  which very close control over s o i l  temperature 
and moisture were possible. S o il in  the tanks was s te r i l iz e d  with steam, 
thoroughly mixed with large amounts of w ilt inoculum and planted to  a 
w ilt-susceptib le  varie ty . The highest incidence of w ilt occurred at 
30.5° C., but temperatures from 28° C. to  33° C. were very favorable
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for. w ilt development* The incidence of w ilt f e l l  off rapidly above 
33° C*, and a small amount of w ilt occurred a t 18° C. The marked effect 
of s o i l  tenperature on th e  development of w ilt in  the Trice varie ty  i s  
i l lu s tr a te d  by the  following data given by Young: 13° C. -  1*7$ w ilt,
20.5° C. -  16.2* w ilt, 23° C. -  29.8* w ilt, 25.5° C. -  1*0.3* w ilt,
28° C. -  16.1** w ilt ,  30.5° C. -  62.6* w ilt, 33° C. « 1*5.3* w ilt,
35.5° C. * 20.7* w ilt .  Young also sta ted  th a t  a i r  tenperature as low as
2l*° C. may check considerably the  ra te  of development of the  w ilt fungus
in  the stems of th e  cotton plant even though s o il  temperatures may be 
favorable fo r  i t s  development in  the roo ts ,
Tharp and Young (39) conducted a se rie s  of experiments in  the 
greenhouse to  determine th e  effect of re la tiv e  s o i l  moisture on the 
incidence of Fusarium w ilt on a w ilt-susceptib le varie ty . The s o il  used 
in  the experiments came from a f ie ld  which was heavily in fested  with 
w ilt and defic ien t in  potassium. The so il was c la ss ified  as a s i l t  loam 
and had a water holding capacity of 37 .7  per cent of the oven-dry weight. 
Three of the experiments were grown in  3-gallon pots on greenhouse 
benches. The most controlled experiment was conducted in  Wisconsin Soil 
Tenperature Tanks at constant so il temperatures of 23°, 26°, 29° and 
32° C. S o il moisture lev e ls  of 20, 30, 1*0, 50, 60, 70, 80, 90 and 100 
per cent of the water-holding capacity were employed. The s o il  was 
a r t i f ic ia l ly  inoculated with w ilt. In  a l l  te s ts  th e  Incidence of w ilt 
increased with a r is e  in  s o il  moisture lev e l to  an optimum of 80 to  90 
per cent of sa tu ra tion . This was followed by a reduction in  Incidence 
of w ilt with an increase in  the so il  moisture to  100 per cent of i t s  
water-holding capacity.
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Early attempts to  control cotton w ilt through the  use of
f e r t i l iz e r s ,  including potassium, ware made by Orton (22) and Lewis (17)
without success. Rast (2U) was the f i r s t  to  report a reduction in  the
incidence of cotton w ilt through th e  use of potash containing f e r t i l i z e r .
Neal (21) and Miles (19) la te r  confirmed th e  work of Rast.
Young (li5 ) summarized a la rge  number of f ie ld  experiments
conducted in  Arkansas designed to  evaluate th e  influence of potash and
other f e r t i l iz e r s  on the control of Fusarium w ilt of cotton. These
studies were conducted at 15 d iffe ren t s i te s  where w ilt occurred in
cen tra l, eastern and northeastern Arkansas and extended over the period
1929 -  1937* Potash deficiency was associated with cotton w ilt a t a l l
of the  15 s ite s  studied, except one. F e r tiliz e rs  containing potash gave
reductions in  the incidence of w ilt in  every year and in  every location ,
except two. N itrate alone had l i t t l e  or no effec t on the incidence of
w ilt, but phosphate plus n itra te , and p a rtic u la r ly  phosphate alone, seemed
actually  to  increase the incidence of w ilt .  There was some indication
th a t applications containing potash were cumulative in  th e ir  e ffec t on
the control of w ilt. He concluded:
"Applications lacking potash seemed to  cause an un­
balanced so il  condition which resu lted  in  increasingly 
greater damage from both w ilt and potash hunger."
Development of R esistant V arieties 
Ware (liU)* Sherbakoff (27) and Smith (29# 30) have each given 
a very in teresting  account of the ea rly  h isto ry  of breeding fo r resistance 
to  Fusarium w ilt in  th is  country. According to  Smith (29), the D. S. 
Department of Agriculture was requested to  help on the w ilt problem in  
1895# when the disease became serious on the sea-island p lantations off
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the  coast of South Carolina* Ervin F* Smith v is ited  the area at th a t 
time and began h is  studies on the v i l t  diseases of cotton, watermelon 
and covpea* E. L* Rivers, a sea-island p lan ta tion  operator, in  1395, 
began the  se lec tion  work th a t u ltim ately led to  the production of the  
w ilt- re s is ta n t Sea Island variety  th a t bears h is  name. W. A* Orton, 
of the U* S* Department of Agriculture, cooperated in  the la te r  breeding 
phases and d is trib u tio n  of the Rivers variety* The early  breeding work
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of Rivers and Orton was the forerunner of the  breeding programs th a t 
ultim ately  led  to  the p rac tica l control of cotton v i l t  and the w ilt of 
other crops*
According to  Ware (hh), Orton and Rivers jo in tly  selected a 
second varie ty , C enterv ille , which was res is tan t to  w ilt and had fib e rs  
shorter and coarser than the Rivers varie ty . I t  la te r  became an 
inport ant w ilt- re s is tan t varie ty  fo r the Sea Island cotton growers on 
th e  mainland*
Orton also in i t ia te d  a successful breeding program with Upland 
cotton in  1899* Orton (23) tes ted  18 v a rie tie s  of cotton on w ilt 
in fested  s o il  a t D illon, South Carolina to  evaluate th e ir  comparative 
resis tan ce . He observed th a t the 3 v a rie tie s  of Egyptian cotton in  the 
t e s t  possessed the highest degree of resis tance . One of the Upland 
v a r ie tie s , Jackson Limbless, also shoved a very marked degree of 
resis tan ce . I t  was fa r  superior to  other Upland v arie ties  te s te d  and 
nearly equal to  the 3 Egyptian v a rie tie s  in  resistance*
A few years la te r ,  Orton (22) described two w ilt-re s is tan t 
v a rie tie s  of Upland cotton released by the U. S, Department of Agri­
culture* D illon, released in  1905* was developed by selecting  gnri
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re - te s tin g  the more desirable of the re s is ta n t p lants out of the Jackson 
Limbless variety* Like Jackson Limbless, D illon was a d u s te r  varie ty , 
somewhat d if f ic u lt  to  pick and produced a stap le  length of about 7/8 
of an inch* A second varie ty , Dixie, was released a few years la ter*
I t  was developed at Troy, Alabama from selections o rig inally  made in  
1902 on w ilt-in fested  soil* I t  was thought by Orton to  have resu lted  
from an accidental cross between Peterkin and some other variety* The 
type of plant f in a lly  developed had the pyramidal habit of branching 
lik e  Peterkin. This made i t  b e t te r  liked  than the D illon variety*
According to  Ware (lfl*), the development of Dixie suggested the 
importance of hybridization as a method of obtaining w ilt- re s is ta n t 
. v a r ie tie s . The need fo r w ilt- re s is ta n t v a rie tie s  with as much earliness 
as possible was suggested by the advance of the b o ll weevil from the 
west* A large number of hybrids were made in  1908, 1909 and 1911 between 
D illon "and Dixie and between these v a rie tie s  and several of the large- 
bolled, early v arie ties  th a t had been successfully grown in  b o ll weevil 
areas or had ch a rac te ris tic s  th a t apparently would be su itab le  under 
weevil conditions* The leading varie ty  developed out of th is  work was 
Dixie-Triumpli, which was widely grown and vised extensively in  la te r  
selection  and crossing*
In  1905 Lewis (17) began an extensive breeding program in  
Georgia fo r w ilt-re s is ta n t cottons by se lec tion  and hybridization* From 
the selection and progeny te s tin g  of w ilt- re s is ta n t plants from locally  
grown v a r ie tie s , he developed and released in  1908 the Modella varie ty .
A few years la te r  he released the Grant varie ty . A rautoer of crosses 
were made between Dixie and Dillon with lo ca l v a rie tie s  in  an e ffo rt to
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combine tb s  desirable characters of each, Lewis observed th a t  an 
Egyptian varie ty , M ita fifi, had greater resistance to  the root-knot 
nematodes than other v a r ie tie s . He crossed Dixie w ith M ita fifi in  an 
e ffo rt to  coabine resistance to  both w ilt and root-knot nematodes.
From th is  cross th e  varie ty  Dix-Afifi was eventually developed.
Smith (29) l is te d  Cook 307 as another important w ilt- re s is ta n t 
varie ty  developed by se lec tion  in  Alabama, This varie ty  was released 
by th e  Alabama Experiment S tation  in  1913* I t  and other w ilt- re s is ta n t 
Cook s tra in s  developed by H, B. Tisdale were widely grown in  th e  w ilt-  
in fested  sections of Alabama, Smith also l is te d  Cleveland, M iller, 
Express, Lingtning Express, Super Seven, Clevewilt, Coker 1* in  1, Toole 
and Lewis 63 as additional important w ilt-re s is tan t v a rie tie s  released 
before 19l*0, He sta ted  th a t most of these v a rie tie s  matured ra th e r la te  
and yielded le ss  than the  best non-resistant v a rie tie s  on non-wilt s o i l .  
Smith (29) fu rth e r s ta ted ,
"The long e ffo rt of breeders to  produce agronomically 
superior w ilt-re s is tan t v arie ties  was climaxed in  191*2 
with th e  introduction of Coker 100 w ilt .  I t  was as 
productive as non-resistant v a rie tie s  and had other 
desirable ch a rac te ris tic s  such as a medium stap le  
length, earliness and adaptability  to  a wide range of 
growing conditions. I t  quickly became popular in  
southeastern and southcentral regions where w ilt i s  a 
fac to r. Other superior w ilt-re s is tan t v a rie tie s ,
Empire, Stonewilt, Pandora, White Gold and Plains 
were introduced in  191*0 -  1950. w
Since 1950, additional v a rie tie s  have been released which combine w ilt-
re s is tan t with desirable agronomic characters* The more important
ones are Auburn 56, Dixie King and Rex,
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Inheritance of Resistance to  Wilt in  Cotton 
Although cotton breeders throughout the world have devoted a 
great deal of a tten tion  since 1900 to  the  development of w ilt-re s is tan t 
v a rie tie s , very few have taken the  time and trouble to  make a study of 
the inheritance of w ilt-reaistance or, a t le a s t ,  to  publish th e ir  
findings* This especially  has been tru e  of the workers in  th is  country.
Fahiy (8 ) of Egypt was the f i r s t  to  report on the inheritance 
of resistance to  w ilt in  1931* He worked with crosses between Egyptian 
v arie ties  of the species 0 . barbadense* In  h is stud ies, single seed 
were planted in  small pots f i l le d  with s o i l  heavily in fested  with a 
known concentration of inoculum and kept under optimum conditions fo r 
the growth of the  fungus. Under th e  conditions used by Fahey, suscepti­
b le  seedlings were reported to  develop symptoms of w ilt about 5 days 
a f te r  germination and to  die a few days la ter*  Observations on reaction 
of plants to  w ilt were completed approximately 1*0 days a f te r  planting* 
Seedlings which developed ch arac te ris tic  mottling but recovered were 
considered to  be nto le ra n tn to  w ilt* Seedlings which developed no symp­
toms of w ilt were considered to  be ltimzmmedN. In 2 crosses of immune 
x susceptible s tra in s , th e  populations were reported to  be to ta lly  
Immune. Segregation of p lan ts in  the  F2 populations, to ta lin g  80f> seed­
lin g s , gave an average ra tio  of 7$ immune, 16 to le ran t and 9 susceptible, 
or a 3* 1 ra tio  fo r immunity*
Fahny (7) la te r  reported th a t Fg plants c la ss ifie d  as immune 
produced F  ̂ lines which were e ith e r  homozygous fo r immunity or segregated 
as 1 of the following 3 types: (1 ) segregating fo r immune, to le ran t
and susceptible p lan ts , ( 2) segregating fo r immune and to le ran t p lan ts,
or (3) segregating fo r immune and susceptible plants* The Fg p lan ts 
c la ss ified  as to leran t produced F  ̂ l in e s , a l l  of which segregated, but 
which, subsequently, never produced any lin e s  th a t  were genotypically 
immune. The F^ plants c la ss if ie d  as susceptible gave l in e s , some of 
which were homosygoua susceptible and some of which segregated* In  
regard to  these lines he sta ted ,
"Though su scep tib ility  i s  recessive, th e  progenies 
raised  from plants showing susceptible symptoms 
do not in  a l l  cases breed tru e  to  su scep tib ility  
but often segregate, giving a very high percentage of 
susceptibles, a small percentage of phenotypic immune, 
and varying percentage of r e s is t  ants*"
Kulkurni (16), working in  the Bombay province of India, studied 
the w ilt reaction in  crosses between d iffe ren t re s is ta n t and susceptible 
v a rie tie s  of native Indian cotton* He reported th a t the reaction of 
the F]|_ generation to  w ilt was dependent upon the  varie ty  used as the 
re s is tan t parent* The factor fo r  resistance carried  by the variety  
K*W*R* appeared to  be recessive, whereas the fac to r fo r  resistance 
carried by the variety  Condlla, appeared to  be dominant* These obser­
vations were based on F^ populations only*
Further studies on the inheritance of w ilt resistance in  Indian 
v a rie tie s  were made in  the Fg populations of crosses between a w ilt-  
susceptible variety  with two w ilt- re s is ta n t v a rie tie s  (U)* I t  was 
reported th a t segregation of Fg plants of Malvi 9 x  J a r i la  and Malvi 9 
x  New M illion Dollar gave a 3 t l  ra tio  of re s is ta n t and susceptible 
plants*
Uppal et a l» (ljl) evaluated and selected  a number of cottons 
of G. herbaceum and G* arboreum var* neglectum fo r  resistance to
Fusarium w ilt fo r  a period of 3 to  k years under conditions of in fec tion  
approaching th e  optimum. The authors noted th a t attainment of f u l l  
resis tance  in  the s tra in s  and segregates of the B.D, 8 crosses, fo r 
instance, was achieved by stages. They a ttribu ted  th is  to  th e  gradual 
elim ination o f minor modifying factors* The authors fu rther s ta ted  
th a t  evidence o f monohybrid segregation fo r w ilt resistance was secured 
in  the F2 generation of K.F* x  1027A.L.F., whereas, in  crosses between 
Dhulia 2 and Chinese R. Spotless and between Dhulia 2 and New M illion 
D ollar, th is  character was found to  be governed by th ree complementary 
factors*
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Kelkar et a l . (II4.) made an extensive study of the inheritance 
of resistance to  Fusarium w ilt in  a number of crosses involving 
re s is ta n t and susceptible v a rie tie s  of both G* herbaceum and G* arboreum 
as well as in te rsp ec ific  crosses between them. Studies were made in  
th e  F]_, ¥2 and f i r s t  backcross populations and of the F3 and second back- 
cross population derived from plants surviving in  the F2 and f i r s t  back- 
cross generations* Based on the  data from the several crosses, the 
authors advanced the hypothesis th a t resistance was due to  2 dominant 
complementary genes, designated A and B, the presence of both of which 
is  e ssen tia l fo r  resistance, plus a th ird  gene, designated C, which 
in h ib its  the action of the genes fo r resistance* They sta ted ,
•Thus the  genotype of the varie ty  K.F. (G. herbaceum 
var. fru tescens), which shows 100$ w ilt“ resistance 
under controlled conditions in  the greenhouse, is  
(AA + BB) cc. The genotype of a susceptible parent 
i s  any one of the followingj (AA + BB) GC, (aa + bb)
CC, (AA + bb) CC, (aa + BB) CC, (aa + bb) cc, (aa + BB) 
cc and (AA ♦ bb) c c .w
Desai (6) observed a t Dharwar, India th a t ce rta in  v a r ie tie s  of
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G. herbaceum. which eventually succumb completely to  w ilt when grown 
under conditions id ea l fo r i t s  development, may d if fe r  consistently  in  
the number of days required fo r symptoms of the disease to  appear and 
the length of time required fo r death to  occur. To i l lu s tr a te  th is  
point, data  were reported on the reaction  of 6 s tra in s  of cotton to  w ilt 
te s ted  in  the greenhouse under optimum conditions fo r  the development 
of w ilt. Observations were made on the incidence of w ilt u n ti l  1|6 days 
a fte r  p lanting, at which time a l l  p lants of the s tra in s  Shan, Wag a le , 
Comillia U-2 and Dharwar No* 1 showed symptoms of w ilt, 99.5 per cent 
of the plants of the Jayawant s tra in  showed symptoms of w ilt; but none 
of p lants of th e  re s is ta n t v a rie ty , K Farm T. lU showed w ilt symptoms. 
Plants of the Wag ale and Shan s tra in  s ta rted  w ilting 8 to  10 days a f te r  
planting and a l l  p lan ts showed symptoms of w ilt by the 16th day. Plants 
of the Dharwar No. 1 s tra in  s ta rted  w ilting  11 to  13 days a f te r  p lanting, 
peak of w ilting occurred on the llfth  to  19th  day and i t  took 35 to  37 
days fo r  a l l  p lants to  develop symptoms of w ilt. Plants of the Jayawant 
s tra in  began w ilting  17 to  19 days a f te r  p lanting, peak of w ilting oc­
curred on the 26th  to  28th  day and 0 .5/6 of the plants remained free  from 
w ilt ok the end of the experiment• The s tra in  Costilla h~2 was sim ilar 
to  Wagale and Shan, though perhaps s lig h tly  less susceptible. In 
summarizing the data the author s ta ted ,
" I t  can now be very readily  understood how various 
s tra in s  can d if fe r  remarkably in  th e ir  degree of 
su scep tib ility  although a l l  w ilt 100 per cent in  
the end. At the bottom i s  a c lass which i s  most 
susceptible followed by one which i s  re la tiv e ly  
le ss  susceptib le. This, in  tu rn , i s  followed by 
another which i s  s t i l l  le s s  susceptible and so on.
Conversely, there are s tra in s  carrying re la tiv e ly  
increased resistance t i l l  at la s t  the degree of 
resistance i s  accentuated to  such a p itch  th a t no 
deaths occur.N
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Desai compared th is  type of reaction to  the polygenlo type resistance 
(Type B) to  Fusarium yellows reported in  cabbage (1*3).
Jenkins, e t a l. (12) compared a number of d iffe ren t F^ hybrids
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with th e ir  respective parents on w ilt in fested  s o i l  in  South Carolina* 
The crosses were between re s is tan t and susceptible v a rie tie s  and between 
to le ran t and susceptible v a rie tie s  of Upland cotton. The authors con­
cluded th a t resistance to  w ilt was dominant in  the  F^ generation to  
about the same degree as the more re s is tan t parent. They sta ted ,
" If  the re s is tan t parent i s  p rac tica lly  immune, then 
the F, appears to  be likewise re s is ta n t. Where one 
parent i s  partly  re s is tan t or to le ra n t, the  Fn 
resembles closely th a t parent. I f  both parents are 
highly susceptible, the F^ i s  susceptib le in  about 
the same way."
The authors pointed out th a t the p lants were grown on p lo ts in fested  
with w ilt, but th a t the incidence of w ilt was not severe and was some­
what spotted over the area. Several Fg populations were grown the 
following year, but incidence of w ilt was so spotty th a t re lia b le  con­
clusions could not be drawn from the data obtained*
Smith and Dick (35) studied the inheritance of resistance to  
w ilt in  a cross between 2 v arie ties  of Upland cotton, Cook 307 ( re s is t­
ant) and Hurley's Rowden (susceptib le). Plants involved in  these 
studies were grown on severe w ilt in fested  s o il  at Tallassee, Alabama* 
The so il  was also heavily infested with species of the root-knot 
nematode in  addition to  other species of p a ra s itic  nematodes. The 
authors pointed out th a t since nematodes in  the s o i l  provide th e  primary 
po rta l of entry fo r the w ilt organism, resistance in  cotton to  nematodes 
considerably affects the severity  of w ilt in fec tio n  and the  reaction  of 
the host to  w ilt. Plants were c la ss if ie d  fo r absence or presence of
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le a f  symptoms of Fusarium v i l t .  Plants free  of le a f  symptoms were 
considered to  be re s is ta n t; p lants with le a f  symptoms were considered 
to  be susceptible* No attempt was made to  fu rther c la ss ify  p lan ts fo r 
varying degrees of resistance or susceptib ility*
Parental populations of the Cook x  Rowden cross along with 
and Fg generations and the  f i r s t  baokcross to  the Eowden parent were 
grown f i r s t  on natural wilt-nematode infested  s o il  with no control over 
nematodes. About 9% of the plants of Cook were infected with w ilt as 
compared to  100£ fo r Rowden. The backcross generation to  Rowden was 
only s lig h tly  more re s is ta n t than Rowden. Incidence of w ilt in  both the  
Fx and Fg generations was approximately intermediate between the parents* 
The authors concluded th a t no simple genetic ra tio s  were evident, but 
instead , the data suggested th a t several genetic factors were involved* 
They sta ted  th a t fa ilu re  to  obtain simple genetic ra tio s  was apparently 
th e  re su lt of high nematode populations at th is  location.
Studies with the same cross were made la te r  under le ss  severe 
infection* Low-level applications of a nematocide were applied to  the 
s o i l  in  order to  reduce the populations of nematodes and thereby reduce 
th e  incidence of w ilt . Populations of the parents, F^, Fg and back- 
crosses to  each parent were grown on trea ted  s o il  during each of k years, 
1950 -  Three fam ilies of th is  cross were studied.
The ra tio s  of non-wilt to  w ilt Infected plants in  the Fg and 
backcross generations were variable from year to  year as well as between 
fam ilies. Despite the lack of consistency in  the re su lts  obtained, i t  
was concluded th a t resistance to  w ilt was due to  a single major p a ir  of 
genes with resistance dominant. Differences between fam ilies were
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a ttrib u ted  to  minor differences fo r w ilt resistance between the Cook 
parents or possibly to  gene differences in  root-knot nematode 
resis tance . V ariation between years was a ttribu ted  to  differences in  
the severity  of w ilt and root-knot nematodes.
The generation varied from fu lly  re s is tan t to  3W suscepti­
b i l i ty ,  depending on th e  family and year. Since in  a l l  cases, the 
backcross generation to  Cook was fu lly  re s is tan t or showed only sligh t 
w ilting , resistance was considered to  be fu lly  dominant.
Seventy-eight F^ lin e s , representing a random sample, were 
grown in  1?5>3* Thirteen per cent of the  lin es were as re s is tan t as 
Cook, and 12% were as susceptible as Rowden. The remaining populations 
showed a continuous varia tion  in  percentage of w ilt. No clear 
separation could be made between homozygous or heterozygous re s is tan t 
and susceptible c lasses. The continuous varia tion  in  w ilt percentages 
was a ttribu ted  to  segregation of genes fo r both Fusarium and root-knot 
resis tance. The authors noted th a t the re su lts  in  F-j indicated th e  
p o ss ib ility  of modifying genes fo r Fusarium resistance, but pointed out 
th a t the re la tio n  of nematodes to  the incidence of w ilt made i t  d if f ic u lt  
to  separate the effec ts of the major gene fo r  Fusarium resistance from 
i t s  modifiers and the in d irec t e ffec t of multiple genes fo r nematode 
resis tance.
Smith and Dick (35) also reported on the inheritance of 
resistance to  w ilt in  an in te rsp ec ific  cross between Seabrook Sea 
Island (G, barbadenae) as the  re s is tan t parent and Hurley’s Rowden 
(G* hirautum) as the susceptible parent. The parents, F^, F/> and back- 
croBses to  each parent were grown on trea ted  s o il  at Tallassee, Alabama
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in  each of 1* years from 1950 through 1953. However, the re su lts  obtained 
in  1953 were abandoned because, according to  the authors, nematode 
populations and w ilt incidence were too high to  obtain genetic data.
Based on re su lts  obtained in  th is  cross during 1950, 1951 and 1952, i t  
was concluded th a t Fusarium resistance in  Sea Island was contro lled  by 
2 dominant genes, which were additive in  e ffec t and gave a high degree 
of resistance*
In  summarizing the breeding for resis tance  to  Fusarium w ilt, 
Sherbakoff (27) pointed out th a t from 1937 to  19k0 a  large number of 
f ie ld  te s ts  of w ilt-re s is tan t and susceptible cotton v arie ties  were con­
ducted by workers in  agricu ltu ral experiment s ta tio n s  of the cotton b e lt 
in  cooperation with the U. S. Department of Agriculture* He sta ted  
th a t the te s ts  showed Seabrook Sea Island cotton to  be free from external 
symptoms of w ilt; Cook 307-6, Clevewilt-6, Dixie Triumph 12, Dixie lii-5 
and Covington-Toole to  be highly re s is ta n t, and soma v a rie tie s  p a rtly  so. 
Sherbakoff s ta ted  tha t th is  would seem to  ind icate  th a t probably more 
than one fac to r p a ir controlled w ilt-resis tance in  Upland cotton.
Inheritance of Resistance to  W ilt in  Other Crops
Tisdale (I4O) was among the f i r s t  to  study th e  inheritance of 
resistance to  w ilt in  f lax  caused by F, oxysporum f .  l i n i . He found 
th a t the of some crosses between res is tan t and susceptible v arie ties  
were much more re s is tan t than o thers. In some crosses there  appeared 
to  be a dominance of resistance, whereas other crosses indicated a 
dominance of su scep tib ility . Segregation occurring in  F2 could be 
explained only on a multiple factor basis.
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Burnham (5) made an extensive study of the inheritance of 
w ilt-resis tance  in  flax* Plants fo r  producing and F^ progenies 
were grown on w ilt-free  s o i l  and random lines used to  study the 
genetics of w ilt reaction* From several crosses between res is tan t 
and susceptible parents, the mean fo r  w ilting of the F2 was generally 
intermediate between th a t of the  parents* F^ lin es  were obtained with 
mean percentages of w ilting th a t ranged from high resistance to  com­
p le te  susceptib ility*  Approximately 1 out of 10 F^ lin e s  was as 
re s is tan t as the re s is ta n t parent* In  several crosses between 
re s is ta n t parents, there was a high percentage of su scep tib ility  in  F^, 
suggesting th a t the parents may have d iffered  in  factors fo r resistance* 
More than a single fac to r p a ir  was necessary to  explain the results*
More recen tly , Knowles e t a l ,  (15) found that Punjab 53* a 
w ilt- re s is t  ant varie ty , d iffered  from Punjab hi (susceptible) by 2 
complementary genes. The highly w ilt-re s is tan t s tra in , Dakota I48—91*. 
was found to  have at le a s t 1 other factor p a ir  fo r resistance in  addi­
tio n  to  the 2 fac to r p a irs  present in  Punjab 53*
Valleau (1*2) studied th e  inheritance of resistance to  w ilt of 
tobacco caused by F. oxysporua f* nicotianae. He reported data from a 
number of crosses of re s is tan t x susceptible stra in s  collected  over a 
period of several years* He found th a t in  some crosses there appeared 
to  be dominance for su scep tib ility , but in  other crosses, absence of 
dominance or even p a r t ia l  dominance for resistance was indicated. The 
F-̂  of a cross between a Turkish tobacco (re s is ta n t)  and a susceptible 
white burley tobacco behaved as though resistance was p a r tia lly  dominant. 
Out of 121 F^ p lan ts, 62 remained healthy, 59 developed symptoms of
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w ilt, but remained a live , and none died when a l l  plants of the 
susceptible parent were e ith e r  dead or dying* However, the  F^ 
plants segregated in to  272 re s is ta n t and 753 susceptible p lan ts, 
suggesting th a t the parents d iffered  by a single fac to r p a ir  fo r w ilt 
reaction with su scep tib ility  dominant. The F-̂  of a cross between 
Cuban (re s is tan t)  x Ky. 5 (susceptible) was completely susceptible* 
Plants of the Fg generation segregated 52 healthy, 26 alive but with 
symptoms of w ilt and 99 dead* In  a cross between McCuller1s 27 
(re s is tan t)  and Ky* 57 (susceptib le), the F^ showed p a r tia l  dominance 
fo r resistance; only 17 of 60 F]_ p lants showed mild symptoms of w ilt , 
the remaining plants being healthy* The Fg generation of a cross 
between M Hi (re s is tan t)  and One Sucker (susceptible) segregated in to  
a I i 2*l ra tio  of healthy, mildly affected and dead p lan ts , suggesting 
absence of dominance* In  summary Valleau concluded,
"From these meager records i t  may ten ta tiv e ly  be 
concluded th a t resistance to  Fusarium w ilt is  
controlled by a single fac to r p a ir  th a t i s  
p a r tia lly  dominant or recessive*w
The inheritance of resistance to  Fusarium w ilt of cabbage, 
caused by F. ooiysporum f . conglatinaus, was reviewed by Walker and 
Jo liv e tte  (U3)* They stated  th a t there are 2 types of resistance to  
Fusarium w ilt (yellows) in  cabbage referred  to  as Type A and Type B. 
Type A resistance i s  due to  a single dominant p a ir  of genes. Plants 
with Type A resistance do not succumb to  w ilt when grown in  infested 
s o il  at temperatures of 2h° C* or above. Type B resistance is  
quantitative in  nature, controlled by an undetermined number of fac to r 
p a irs , each having a small and cumulative e f fe c t. Plants with Type B 
resistance show f a i r  to  good resistance when grown in  in fested  so il  at
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temperatures below 2U° C, but succuui) to  w ilt at temperatures of 2h°
C. or above and In  s o i l  low in  potassium,
Bennett (3) reported on the inheritance of resistance to  F. 
oocysporuia f ,  niveum in  watermelon. His studies were mode in  the 
Fg and F^ generations of a cross between an inedible w ilt-re s is tan t 
s tra in  introduced from Russia and Early Fordhook, a susceptible com­
mercial varie ty . The generation indicated p a r tia l  dominance for 
su sc ep tib ility . Since the F2, F^ and backcross fam ilies could not be 
separated in to  d is tin c t and clear-cu t re s is tan t and susceptible groups, 
the author concluded th a t resistance was probably dependent on several 
fac to r p a irs ,
Bohn and Tucker (it) reported on the inheritance of immunity to  
Fusarium w ilt of tomatoes, caused by F. oxysporum f .  lycopersici, found 
in  some s tra in s  of the Wild Red Currant Tomato (Iycopersioon p in p in e lli-  
folium) .  Based on the  segregation of F2 populations from crosses be­
tween the  Wild Red Currant Tomato and commercial v a rie tie s  in  addition 
to  large f i r s t  backcross populations to  commercial v a rie tie s , the 
authors concluded th a t immunity to  w ilt was due to  a single dominant 
fac to r p a ir .
MATERIALS AMD METHODS
The m aterials used In  th is  study consisted of the parents,
F j, Fg and populations of 2 crosses between w ilt-suscep tib le  and 
w ilt- re s is t ant s tra in s  of Upland cotton, Gossypium hirsutunu Half 
and Half (Stoneville Accession No. 10£>) was the  common w ilt-susceptib le  
parent in  the 2 crosses. Delfos l*25>-920 was the re s is ta n t parent in  
one cross and Coker 100 Ga. 92-2-2-2 was the re s is ta n t parent in  the ^ 
o ther. The parents, F^ and Fg populations of a cross between the  2 
re s is tan t parents, Delfos 1*25 and Coker 100 Ga., were also studied.
Each of the parent s tra in s  had been inbred fo r a number of 
generations p rio r  to  making the  crosses and were considered to  be re la ­
tiv e ly  homozygous. S e lf - fe r ti l iz e d  seed of th e  Half and Half s tra in  
were obtained from the co llection  of Upland cotton maintained at the 
Delta Branch Experiment S tation at S toneville , M ississippi. Self­
fe r t i l iz e d  seed of the Delfos 1*25 and Coker 100 Ga. s tra in s  were 
obtained from Dr. D. C. Neal of the U. S. Department of Agriculture 
stationed at Baton Rouge, Louisiana.
The reaction of the 3 parent s tra in s  to  w ilt at Baton Rouge 
had been well established by Dr. D. C. Neal before th is  study was 
in it ia te d . Delfos 1*25 was considered to  be one of the most w ilt-  
re s is tan t s tra in s  of Upland cotton at Baton Rouge, Coker 100 Ga. was 
known to  have good resistance to  w ilt, though i t s  degree of resistance was 
not quite as great as th a t of Delfos 1*25. Half and Half was known to  be
3k
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one of the most w ilt-susceptib le v a rie tie s  of cotton ever grown at Baton 
Rouge.
The o rig inal crosses-of Half and Half with Delfos 1*25 and of 
Half and Half with Coker 100 Ga. were made by Dr. M. T. Henderson during 
the summer of 1950. A record was kept of th e  parent plant involved in  
each cross. A small amount of s e lf - fe r t i l iz e d  seed was obtained from 
each of the parent p lan ts . Only one cross was studied between Half and 
Half and Coker 100 Ga. This cross was between plant 13 of Half and 
Half and plant 5 of Coker 100 Ga. Two crosses were studied between 
Delfos 1*25 and Half and Half. One was between plant 18 of Delfos 1*25 
and p lan t 17 of Half and Half; the other was between plant 11 of Delfos 
1*25 and plant 16 of Half and Half.
F^ seed of the above 3 crosses were sent to  the Cotton Winter 
Garden S tation a t Iguala, Mexico to  be grown during the winter of 1950 -  
51* Ten to  15 plants were grown of each cross. A large quantity of 
s e lf - f e r t i l iz e d  seed was obtained from each plant and returned in  
time fo r  spring planting. Each F2 and F  ̂ population studied could be 
traced  back to  the p a rticu la r  F^ p lant from which i t  came.
During 1951* s e lf - f e r t i l iz e d  seed were obtained from a number 
of Fg p lants and the parents involved in  the 3 crosses, with the excep­
tio n  of Half and Half-16. Unfortunately, the supply of seed of th is  
parent was very lim ited , and the few plants th a t were grown fa ile d  to  
se t any s e lf - f e r t i l iz e d  seed. This parent lin e  was subsequently lo s t 
from th e  study. Crosses were made between plants derived from Delfos 
1*25-18 and Half and Half-17 and between plants derived from Half and 
Half-13 with plants derived from Coker-5 and Delfos 1*25-11 in  order to  
obtain seed fo r evaluation of the F^ generation. Crosses were also
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made between plants derived from Coker 100 Ga.-5 and Delfos 1*25-18.
The F^ and parent plants of th is  cross were grown and s e lf - f e r t i l iz e d  
in  1952 in  order to  obtain seed fo r planting the Fg population in  1953.
Randomly chosen Fg plants from the Delfos 1*25-18 x Half and 
Half-17 cross were grown under w ilt-fre e  conditions during the winter 
of 1951 -  52 at the Cotton Winter Garden S tation  maintained at Iguala, 
Mexico* Randomly chosen Fg plants from the Coker 100 Ga* x Half and 
Half cross were grown at the same location  during the winter of 1952 -  
53* S e lf-fe r til iz e d  seed were obtained from these plants and used in  
establishing F^ lines* The Fg plants were grown under w ilt-free  
conditions in  order to  ovoid any natural se lection  fo r resistance* This 
should have resu lted  in  an unbiased d is trib u tio n  of F^ lines*
Several attempts were made to  evaluate the parents and segre­
gating generations grown in  so il a r t i f ic ia l ly  inoculated with Fusarium 
w ilt in  the greenhouse during 1951 and 1952. None of the inoculation 
techniques used gave a su ffic ien tly  heavy and uniform in fes ta tio n  of 
w ilt fo r re liab le  re su lts .
Thus, a l l  of the data reported were collected  from plants grown 
in  natural w ilt infested  s o il  a t the Agronomy Farm in  Baton Rouge, 
Louisiana. Two separate plantings were made in  each of 3 years, 1951, 
1952 and 1953* All plantings were on O liv ier s i l t  loam s o i l .  The p lo ts 
were fe r t i l iz e d  with 1*00 pounds of 8-8-8 mixture per acre, applied 
p rio r to  p lanting, and la te r  side-dressed with 100 pounds of sodium 
n itra te  per acre when the plants were approximately one month old* The 
usual cu ltu ra l practices and insect control measures were followed.
Plants were thinned to  1 or 2 p lan ts per h i l l  a f te r  they were 
about 1 month old and had become re la tiv e ly  re s is tan t to  seedling
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diseases. At th is  age, plants were ju s t beginning to  succumb to  wilt* 
Shortly a f te r  thinning, the number of plants per row was counted and 
recorded. P lants which died from w ilt during early  summer, while 
re la tiv e ly  small, were removed from the p lo ts and recorded so th a t they 
would not be overlooked in  making the  f in a l w ilt reading in  th e  f a l l .
P lants of the parents, F j, Fg and F^ populations were 
c la ss if ie d  individually fo r degree of w ilt in fec tion  during th e  f a l l .  
C lassifica tion  of p lants was based on both le a f  symptoms of th e  disease 
and degree of vascular discoloration in  the stalk* Each p lan t was cut 
at the so il  lin e , examined carefully  fo r le a f  symptoms of the disease 
and fo r extent of vascular discoloration. Seven classes were recognized, 
ranging from Class 0 to  Class 6 with plus and minus fo r most. A 
description of the classes used throughout th is  study i s  as follows t
0 » no le a f  symptoms, no vascular d iscoloration.
1 -  no le a f  symptoms, very lig h t vascular d iscoloration
extending up the main stem no higher than 6 inches.
2 ■ no le a f  sumptoms, lig h t vascular d iscoloration extending
up the main stem fo r 6 to  12 inches or out the vegetative 
branches fo r a short distance.
3 ■ lig h t to  moderate le a f  symptoms, lig h t to  moderate vascular
discoloration.
U » moderate to  severe le a f  symptoms for major portion of p lan t, 
moderate to  severe vascular discoloration.
5 ■ very severe le a f  symptoms with excessive shedding of leaves,
almost complete vascular d iscoloration.
6 » plant dead from w ilt.
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Based on p rev io u s  h i s to r y ,  th e  s o i l ,  on which th e se  s tu d ie s  
were made, was c o n s id e red  to  be un iform ly  and h e a v ily  in f e s te d  w ith  
w i l t .  With th e  ex cep tio n  o f  one p la n t in g ,  t h i s  proved t o  be t h e  c a se .
The w i l t  p lo t s  were l a t e r  found t o  be h e a v ily  in f e s te d  w ith  th e  r e n i -  
form  nem atode, R o ty len ch u lu s re n ifo rm is , i n  a d d itio n  to  th e  Fusarium  
w i l t  organism  (1 3 ) ,
The p la n ts  o f  on ly  one p la n t in g ,  made in  19f>l, were a r t i ­
f i c i a l l y  in o c u la te d  w ith  th e  w i l t  organism . The s o i l ,  i n  which th e s e  
p la n ts  were grown, was a ls o  n a tu r a l ly  in f e s te d  w ith  w i l t .  P la n ts  
were in o c u la te d  when th e y  were about months o ld . C u ltu res  grown 
from 3 d i f f e r e n t  i s o l a t e s  o f  th e  w il t  organism  were u sed . These i s o la te s  
were k in d ly  fu rn is h e d  by D r. D. C. N eal. Equal q u a n tity  o f  inoculum  o f
th e  3 i s o l a t e s  was grown on a  s t e r i l i z e d  medium composed o f 3 p a r t s  o a ts
and 1 p a r t  wheat w ith  enough w ater added t o  g ive  70% m oistu re  to  th e  
m ix tu re . The c u l t  Tires were grown on t h i s  medium f o r  3 weeks a t  room 
tem p era tu re  i n  q u a r t j a r s  f i l l e d  about tw o - th ird s  f u l l .  The j a r s  were 
equipped w ith  a  s p e c ia l  to p  having a  sm all opening to  f a c i l i t a t e  inocu­
l a t i o n  w ith  a  minimum o p p o rtu n ity  f o r  co n tam in a tio n . The inoculum  was 
removed from th e  j a r s ,  sp read  on ta b le  to p s  i n  th e  la b o ra to ry  and 
allow ed t o  d ry  f o r  a month p r io r  to  making th e  f i e l d  in o c u la t io n s .  The 
dry  inoculum  o f th e  3 i s o l a t e s  was th e n  th o ro u g h ly  mixed to g e th e r .
P la n ts  were in o c u la te d  in  th e  fo llo w in g  manner: A ho le  was
dug w ith  a garden  tro w e l n ex t to  th e  ta p  ro o t about lj to  6 in ch es  deep. 
S e v e ra l o f  th e  l a t e r a l  r o o ts  were c u t i n  d igg ing  th e  h o le  and a  s l ig h t  
l e s io n  made on th e  ta p  ro o t o f  each  p la n t .  About 13 grams o f  mixed, dry  
inoculum  was poured in to  th e  h o le , mixed w ith  a  sm all amount o f  m oist
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s o i l  and packed against the le sio n  on the  tap  root* The hole was then 
f i l l e d  with so il  and packed firm ly.
Planting No, 1 -  This was the la rg est of 2 plantings of the 
parents and Fg populations made in  1951. This planting was made on an 
area which turned out to  be only moderately Infested with wilt* I t  was 
th is  planting th a t was a r t i f ic ia l ly  Inoculated with th e  w ilt organism. 
The parents and Fg population of the  Half and Half x Coker 100 0a« 
cross and th e  2 crosses of Delfos 1*25 x Half and Half were assigned to  
30-foot rows at random. Seed were planted Hay 1 in  h i l l s  1 foot apart. 
P lants were thinned to  1 per h i l l .
Eighty-five plants of the Coker 100 Ga.~5 parent, 81* p lants of 
the Half and Half-13 parent, and 1*73 Fg p lan ts of th is  cross were grown 
and c la ss ified  fo r  degree of w ilt in fec tion . Forty-six  plants of the 
Delfos 1*25-11 parent, ll* of the Delfos 1*25-18 parent, 1*0 plants from 
Delfos 1*25-1 and 29 plants from Delfos 1*25-1* were c la ss if ie d . Seven 
plants of the Half and Half-17 parent and 81* plants of the Half and 
Half-13 parent were c la ss ifie d  as well as 18 p lan ts of Half and Half-8 , 
Only 2 p lan ts of the  Half and Half -16 parent were available fo r 
c la ss if ic a tio n .
The Fg population of Delfos 1*25-18 x Half and Half-17 consisted 
of 283 p lan ts; the  Fg population, Delfos 1*25-17 x Half and Half-16 con­
s is ted  of 289 p lan ts . No seed were available fo r  growing the 
generation of e ith e r of the 3 crosses.
Planting No,  2 -  This planting was made May 1, 1951 on an area 
which had an old w ilt h isto ry  but which, fo r  3 years previous, was 
planted to  D allisgrass, Included in  th is  planting were 238 Fg p lants of
1*0
th e  Half and Half x  Coker 100 Ga* cross and 260 Fg p lants of th e  Delfos 
1*25-18 x  Half and H alf-17 cross. Populations of the parents were small, 
consisting of only 7 p lan ts of Coker 100 Ga.-5, 1* plants of Half and 
H alf-13 , 2 p lan ts of Half and Half-17 and 9 p lants of Delfos 1*25-18*
Seed were not available fo r  the F^ generation of e ith e r cross. Single 
p lan ts were grown in  h i l l s  2 feet apart.
Planting No. 2  -  This planting was made April 29, 1952 and 
consisted of 1*5 F^ lin e s  from the cross between Delfos 1*25-18 and Half 
and Half-17* The seed used in  establishing these F  ̂ lin e s  came from 
randomly chosen Fg p lan ts  grown under w ilt free conditions in  Mexico* 
Spaced among the F^ lin es  were 3 p lo ts of Half and Half-17, 2 p lo ts  of 
Delfos 1*25-18 and 1 p lo t of the  F^ generation between Delfos 1*25-18 and 
Half and Half-17. Seed used in  establishing p lo ts of each parent came 
from bulked, selfed seed from parent plants grown in  1951* Seed fo r th e  
F^ generation came from crosses made in  1951 between progenies of the  
o rig in a l parent p lan ts . P lots of parents and F^ lin es were $0 fee t long 
and contained 1*0 to  60 p lan ts . The area planted to  th is  m aterial had a 
previous w ilt h isto ry .
Planting No. U -  Fifty-seven F^ lin es from th e  cross between 
Delfos 1*25-17 and Half and Half-16 were included in  th is  p lanting . At 
in te rv a ls  among the  lin es  were planted 6 rows of Half and Half-8,
3 rows of Delfos 1*25-11, 2 rows of the F^ generation of Delfos 1*25-11 x 
Half and Half-13 and 11*0 F^ plants of the cross between Delfos 1*25-11 
and Half and Half-16.
The F^ lin e s  were established from Fg plants included in  
P lanting No. 1 of 1951* Since the Fg plants were grown on w ilt infested
so il ;  the population may not have represented a completely random 
sample* However, an e f fo r t  was made to  reduce natu ra l se lec tion  fo r 
resistance to  a minimum* All of the Fg plants from 2 rows were 
selected* P lants which did not have as much as 50 s e lf - fe r ti l iz e d  
seed were dropped from th e  selected  l i s t  and replaced by the  f i r s t  
p lant in  an a lte rn a te  row having at le a s t  50 seed and a w ilt rating 
Iden tical to  th e  o rig inal selected plant* Seed used in  establishing 
rows of Half and Half-8 and Delfos 1*25-11 came from bulked, s e lf ­
fe r ti l iz e d  seed from rows of the  respective parent p lants grown in  1951* 
Seed fo r the F^ generation came from crosses made in  1951 between 
progenies of the o rig inal parent plants* The Fg seed came from the 
same source as the 1951 plantings*
The area devoted to  th i s  planting was heavily and uniformly 
infested with w ilt. A heavy in fe s ta tio n  of w ilt had already developed 
by la te  June, 1952 on a susceptible varie ty  of cotton* The susceptible 
variety  was plowed-up and the land prepared for the planting of th is  
m aterial on July 1, 1952* Rows were 50 fee t long with h i l l s  16 inches 
apart. Plants in  excess of 2 per h i l l  were removed. The number of p lan ts 
per lin e  varied from 22 to  68. P lants were cut at the s o il  line  and 
c la ss ified  fo r degree of w ilt in fec tio n  on October 10 to  13* A to ta l  of 
293 plants of Half and Half, ll*9 p lan ts of Delfos 1*25 > 83 F-̂  plants and 
li|0  Fg plants were classified*
Planting No. 5 -  This planting was made May 28, 1953 in  the 
same w ilt plot as used fo r  Planting No. 3 . This planting included 30 F  ̂
lin es each planted to  a 50-foot row and contained 30 to  60 p lan ts . Oc­
curring at in te rv a ls  among the F^ lin es  were 2 rows of the Coker 100 Ga.-5
U2
parent, 3 rows of the Half and Half-13 parent and 2 rows of the F^ 
generation. Planted next to  the parent rows were 72 Fg p lants of th is  
cross.
Also included in  th is  planting were 635 Fg p lan ts and 107 F^ 
p lan ts of the Delfos U25-18 x Coker 100 Oa.-5 c ross. Three rows of the 
Delfos 1*25 parent p lan t, to ta lin g  107 p lan ts , and 2 rows of the Coker 
100 Ga. parent p lan t, to ta lin g  100 p lan ts , were grown.
Seed fo r  the F^ lin es  of the Half and Half x Coker cross came 
from the randomly chosen Fg plants grown in  Mexico during the winter of 
1952-53. Seed fo r the F2 population of th i s  cross came from the same 
source as the seed used in  the 1951 p lan ting . Seed fo r the parents 
were bulked, selfed seed obtained from parent plants grown in  1952. The 
F-j_ generation grown was from crosses made between p lan ts of the 2 parents 
grown in  1951. Seed fo r the Fg population of D e l f  of 1|25 x Coker 100 Ga. 
were obtained from selfed  b o lls  of F^ p lan ts grown in  Baton Rouge in  
1952.
Planting No. 6 -  This planting was made May 26, 1953 on the 
same w ilt p lo t as used fo r Planting No. U. F  ̂ lin e s  from the Half and 
Half x Coker 100 Ga. cross were also included in  th is  p lan ting . However, 
these lin es  d if fe r  from those included in  Planting No. 5 . The F^ lin es  
in  th is  planting came from F2 p lants included in  P lanting No. 1 of 1951. 
Since th is  Fg population was grown on w ilt infested  s o il ,  the F  ̂ popu­
la tio n  may not have represented a completely random sample. In  order 
to  reduce the p o ss ib ility  of natural se lec tion  fo r resis tance, se lection  
of Fg plants fo r the establishment of F^ lin e s  was done in  the  manner 
previously described in  Planting No. h. Forty F^ lin e s , each with 25
to  60 p lan ts, were grown In  50-foot rows. At In tervals among the F  ̂
lin e s  were 2 rows o f Coker 100 Ga., 3 rows of Half and Half and 2 
rows of the generation of th is  cross.
Also included in  th is  p lanting were 335 Fg p lan ts and 59 
F^ p lan ts from the Delfos 1*25-18 x Half and Half-17 cross. Sixty 
p lan ts of Delfos 1*25-18 and 77 plants of Half and Half-17 were also 
grown. The F^ population came from the  same seed source as used in  
the 1951 p lanting , but the  parents were 2 generations advanced. The 
F^ p lan ts came from crosses made in  1951*
RESULTS
Delfos k2$ x Half and Half
Two separate Fg and F^ populations, coining from crosses 
involving d ifferen t parent p lan ts, were studied of th is  cross. One 
cross was between plant 18 of Delfos 1*25 and p lant 17 of Half and Half, 
The other cross was between plant 12 of Delfos k2$ and p lant 16 of Half 
and Half, Results from these 2 crosses were comparable. Each cross 
is  presented separately, however, since genetic data pertaining to  i t  
were not obtained from the same plantings in  a l l  cases,
Delfos 1*25-18 x Half and Half-17 
Fg populations of th is  cross were studied in  Planting No, 1 
and No, 2 in  1951 and again in  Planting No, 6 in  1953* The population 
was studied in  Planting No, 3 in  1952,
F2 Data -  The incidence of w ilt in  Planting No, 1 was lig h t 
and irre g u la r . Five rowB of Half and Half were grown at random in  th is  
w ilt p lo t. The average w ilt in fec tion  fo r these rows varied from 1,68 
to  U,96. Furthermore, the frequency of severely infected plants of Half 
and Half and the F^ generation was observed to  have been g reater in  
ce rta in  areas of the planting than in  o thers. In  view of the  appreciable 
irreg u la rity  in  the incidence of w ilt , the r e l ia b i l i ty  of data collected 
from th is  planting was considered questionable.
Not a l l  of the  Half and Half plants grown were from Half and 
Half-17* In  fa c t, only 7 p lan ts were grown from th is  parent plant* 
P lants from 3 s is te r  selections were included* The number of p lan ts 
grown fo r  each was as followsi Half and Half-8, 18 p lants; Half and 
Half-13, 81* p lan ts; Half and Half-16, 2 plants* Because of the  
excessive environmental varia tion  in  th is  planting and the small number 
of p lan ts grown fo r ce rta in  of the progenies, a te s t  fo r homogeneity 
could not be made* Since the  o rig inal Half and Half parent had been 
inbred fo r  a number of years p rio r  to  the time th a t the cross was made, 
i t  was considered probable th a t progenies from the 1* selections were 
equally susceptible* For th is  reason, a l l  plants were combined in  th is  
study*
Likewise, not a l l  p lants of Delfos 1*25 were from Delfos 1*25-18• 
In  fa c t, only 11* p lan ts were from th is  parent plant* Of the remaining 
plants grown, 1*0 were from Delfos 1*25-1, 29 were from Delfos 1*25-1* and 
1*6 were from Delfos 1*25-11* Plants from these 1* progenies of Delfos 
1*25 gave a sim ilar type of distribution* All were highly re s is ta n t, 
and, thus, were considered to  be of the same population*
Frequency d istribu tions and means fo r the parents and Fg 
populations grown in  Planting No. 1 are given in  Table 1. The mean 
w ilt in fec tion  fo r 129 p lan ts of Delfos 1*25 was O.ll*. MoBt of the 
p lants of th is  parent were in  Class 0 to  1-; none exceeded Class 2*
The mean w ilt in fec tion  fo r  111 plants of Half and Half was 3*59* There 
was an appreciable amount of varia tion  in  the  reaction of d iffe ren t 
Half and Half p lants to  w ilt, ranging from Class 0 to  Class 6. Each 
w ilt class was represented by at le a s t several Half and Half plants*
1*6
Table 1 . Frequency d is trib u tio n s of th e  parents and F« plants of the 






w ilt0 to  1- 1 2 3 1* 5 6
Delfos 1*25* 113 U* 2 129 0.U*
Half & Half** 18 1* 5 21* 11 25 21* 111 3.59
f 2 111* U3 1*1 1*1* 12 12 17 283 1.65
^Consisted of 11* plants of Delfos 1*25-18, 1*0 p lan ts of Delfos 1*25-1, 
29 p lants of Delfos 1*25-1* and 1*6 p lan ts of Delfos 1*25-11*
Consisted of 7 plants of Half and Half-17, 2 plants of Half and 
Half-16, 81* plants of Half and Half-13 and 18 plants of Half and 
Half-8*
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There was no d is tin c t modal class*
The mean fo r the F2 population was 1.65, a value only s lig h tly  
lower than the average fo r the  2 parents* D istribu tion  of Fg plants 
was continuous with a range from Class 0 to  Class 6. No d is t in c t , 
discontinuous classed were apparent* However, the  frequency d is trib u ­
tio n  of the Fg population was d efin ite ly  not symmetrical, being 
strongly skewed toward the re s is tan t parent. The modal class fo r the  
Fg population was Class 0 to  1 - . About k0% of the  Fg p lan ts were 
placed in  th is  class* This type of d is trib u tio n  was not ty p ica l fo r 
e ith e r a simple qualita tive character nor a  quantita tive character* A 
typ ica l qualita tive  character should give discontinuous d is trib u tio n  
in  Fg* A ty p ica l quantitative character should give continuous d i s t r i ­
bution, as was obtained, but the d is trib u tio n  should be symmetrical, 
or nearly so, with the mean and mode essen tia lly  the same. A frequency 
cd istribu tion  curve with kf# of the plants on one end i s  not ty p ica l 
fo r a quantita tive character*
Although 111; Fg p lants occurred in  Class 0 to  1 -, the modal 
class fo r  the re s is tan t parent, i t  was impossible to  arrive at anything 
lik e  a re liab le  estimate of the number th a t may have been genetically  
as re s is ta n t as Delfos U25* Both the mean and d is trib u tio n  of the  Fg 
population were skewed toward the re s is ta n t parent. This would suggest 
th a t a number of heterozygous plants may have been placed in  Class 0 
to  1-* The performance of Half and Half indicated th a t a large number 
of homoaygous susceptible plants were also placed in  th is  c lass . The 
accumulation of plants in  the low w ilt classes i s  what would be 
expected from escapes and lig h t in fection .
m
In  sp ite  of the evidence th a t a large number of homozygous 
susceptible p lan ts escaped in fec tion  or became only lig h tly  infected, 
a large number of Fg p lan ts were placed in  the severe w ilt classes of 
U, 5 end 6, and, thus, exceeded the  mean fo r the susceptible parent*
A to ta l  of III out of 283 Fg plants occurred in  these classes; 17 of 
these occurred in  Class 6* Because of the performance of Half and 
Half, i t  was d if f ic u lt  to  in te rp re t these data* However, they were 
suggestive of a difference between th e  parents of only a few pairs  of 
genes fo r w ilt reaction , perhaps no more than a single pair*
The incidence of w ilt in  Planting No* 2 was very severe and 
uniform. A high frequency of severely infected plants was observed to  
have occurred regularly  in  the area involved in  th is  study. I t  was 
unfortunate th a t the p lants of each parent were so few in  number.
Only 9 p lan ts of Delfos k2$ and 6 p lants of Half and Half were grown 
and classified*  The small populations of each parent make i t  d if f ic u lt  
to  determine the probable nunber of homozygous re s is tan t and susceptible 
Fg p lan ts and, thus, lim it the conclusions th a t can be drawn from Fg 
data. Four of the 9 p lants of Delfos U25 were from Delfos 1*25-18; the 
remaining 5 p lants were from Delfos 1*25-11. Only 2 of the 6 p lan ts of 
Half and Half were from Half and Half-17; the remaining 1* were from 
Half and Half-13.
Frequency d is t r ib u t io n s  o f  th e  p a re n t p la n ts  and th e  260 Fg 
p la n ts  grown i n  P la n tin g  No. 2 are  g iv en  i n  T able 2. The p a re n ts  
d i f f e r e d  w idely  i n  t h e i r  r e a c t io n  t o  w i l t .  A ll 9 p la n ts  o f  D elfos 1*25 
were i n  C lass  0 t o  1 -. The mean f o r  t h i s  p a ren t was 0.19. F ive o f  th e  
6 p la n ts  o f  H alf and H alf o ccu rred  i n  C lass  6 ; th e  o th e r  p la n t  was in
Table 2, Frequency d istribu tions of the parents and F2 p lants of 
the Delfos ll25-18 x Half and Half-17 cross. Planting No, 2,
1951*
Wilt classes Total Av,
Populations 0 to  1-
CMrl k 5 6 plants w ilt
Delfos 125* 9 9 0.19
Half & Half** 1 5 6 5.83
F2 61 35 21 65 20 2U 31 260 2.59
^Consisted of I* plants of Delfos 125-18 and 5 p lants of Delfos 125-11.
^C onsisted  of 1 plants of Half and Half-13 and 2 p lants of Half and 
Half-17.
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Class 5* The mean fo r the Half and Half parent was 5*83 •
The mean of the Fg population was somewhat Intermediate between 
the parents but s lig h tly  sh ifted  toward the re s is tan t parent* D is tr i­
bution in  F_ was continuous with no evidence of d is tin c t w ilt classes*
2
This type of d is trib u tio n  was not ch arac te ris tic  of a q u a lita tiv e  
character* Neither was i t  ch a rac te ris tic  of a quan tita tive  character* 
Although d is trib u tio n  in  Fg was continuous, there was no d is t in c t modal 
class* The number of p lan ts in  Class 0 to  1- was about the same as the 
number in  Class 3* Furthermore, d is tribu tion  of Fg p lan ts was not 
symmetrical but was sh ifted  toward the res is tan t parent* The frequency 
of Fg plants in  Table 2 was a considerable departure from th e  normal 
frequency curve ty p ica l of a quantitative character.
Sixty-one of the 260 plants occurred in  the re s is ta n t parent 
class of 0 to  1 - , and 58 occurred in  the  susceptible parent classes of 
5 and 6. Thus, about \  of the Fg population appeared to  be as re s is tan t 
as the re s is tan t parent, and about £ appeared to  be as susceptible as 
the susceptible parent. Due to  several fac to rs, however, i t  was d i f f i ­
cu lt to  determine how many of these 61 and 58 Fg plants may have 
represented recoveries of the re s is tan t and susceptible parent genotype, 
respectively* One fac to r, of course, was the small population grown 
of each parent and thus, the p o ss ib ility  tha t the phenotype of e ith e r 
or both of the parents may not have been adequately represented. The 
F^ generation was not grown in  th is  planting; therefo re , the frequency 
d is trib u tio n  of heterozygous plants was not determined. Since the Fg 
population was skewed toward the re s is tan t parent, suggesting p a r t ia l  
dominance fo r resis tance, some of the heterozygous plants may well have
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occurred in  the re s is tan t parent class of 0 to  1 -. I t  should also be 
noted th a t the  ra tio  of p lants in  Classes 5 and 6 was 1 to  5 fo r the 
Half and Half parent as compared to  2l* to  3U in  F^. I f  the susceptible 
parent was adequately represented, a great portion  of the p lan ts in  
Class 5 may not have been homozygous susceptible. Taking a l l  things 
in to  account, however, the fac t th a t £ of the F^ plants were sim ilar to  
the parents indicated th a t th e  parents did not d if fe r  by many pairs of 
genes fo r w ilt resis tance . In  fa c t , the data were very suggestive of 
a gene difference between the parents of only a single p a ir .
The Fg and parent populations were grown again in  Planting No. 
6 in  1953* The generation was included in  th is  planting also . The 
Fg population came from the same lo t  of seed used in  Planting No. 1 and 
No. 2, but seed used to  p lant the parent p lo ts were 2 generations 
advanced.
Frequency d istrib u tio n s of the parents, F^ and Fg plants are 
given in  Table 3* The nature of in fec tion  of th is  planting was severe 
and uniform as evident by the  performance of th e  77 plants of ffal f  and 
Half-17. All plants of th is  parent showed le a f  symptoms of w ilt with 
60 of the 77 plants c la ss if ie d  in  Class 6. The mean w ilt in fection  fo r 
the susceptible parent was 5.68.
D istribution  of the Delfos 1|25-18 plants in  th is  planting was 
quite d ifferen t from i t s  d is trib u tio n  in  the 2 plantings grown in  1951 
as well as i t s  d is trib u tio n  in  Planting No. 3 grown in  1952 with the F
3
population, Table 1*. Actually, one-third of the  60 plants of Delfos 
1+25—18 showed le a f  symptoms of w ilt . Six p lants showed severe symptoms 
of w ilt; 5 occurred in  Class 1* and 1 in  Class 6. The mean fo r the
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Table 3* Frequency d istribu tions of the parents, F-, and F« p lants of 
the  Delfos U25-18 x Half and Half-17 cross. Planting No. 6, 1953.
* 'H ilt c la s se s
Av#
P o p u la tio n s 0 t o  1-  1  2 > 3 U 5 6 p la n ts w il t
Delfos 1*25-18 28 1 11 11 3 5 1 60 1.59
Half &. Half-17 1 1 U 11 60 77 5.68
F1 6 2 6 10 13 12 5 5 59 3.07
** 83 11 3k 52 36 32 hi Uo 335 2.75
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Delfos U25-18 parent was 1*£9* The cause fo r the high frequency of 
moderate to  severe w ilt-in fec ted  p lan ts was unknown. I t  may have been 
due to  some unusual environmental cause or perhaps to  some genetical 
cause. A single red -leaf p lant was observed in  one row of the Delfos 
U25 parent. This indicates th a t the seed planted of th is  parent were 
contaminated by mechanical mixture or open-pollination, a t le a s t to  
the  extent of th a t one p lan t. Other plants within the parent row may 
have resulted  from contamination, but one could not be certa in  of th is .
In  any case, i t  was very questionable i f  the phenotype of the re s is tan t 
parent was accurately represented in  th is  p lanting.
P lants of the F^ generation were very variable in  th e ir  reaction 
to  w ilt. P lants free  from w ilt to  plants dead from w ilt occurred with 
a l l  degrees of in fec tion  in  between. Some F^ plants occurred in  each 
w ilt c lass , but most p lants were moderately infected with w ilt. The 
average w ilt in fection  fo r the F^ population was 3 .07, a value somewhat 
intermediate between the 2 parents. I f  the parents were homozygous in  
th e ir  reaction  to  w ilt at the time the  crosses were made, varia tion  among 
F^ p lants must be a ttribu ted  to  a strong degree of environmental 
influence. Although there was evidence of genetic v a r ia b ility  in  the 
Delfos parent in  th is  planting, the re su lts  obtained in  both 19£l and 
1952 indicated homozygosity fo r both parents, Tables 1, 2 and I4. The 
performance of the  F-̂  population would indicate th a t the phenotype of 
heterozygous p lan ts was coupletely unpredictable. They could occur in  
any w ilt class*
D istribution  of Fg p lan ts again was unusual but in  keeping with 
resu lts  obtained in  the other 2 plantings reported in  Tables 1 and 2.
D is tr ib u t io n  i n  Fg was continuous from  C lass  0 t o  C lass  6  w ith  no c l e a r -  
c u t ,  d isco n tin u o u s c la s s e s  ap p a ren t. L ikew ise, d i s t r i b u t io n  o f  Fg 
p la n ts  was co n s id e rab ly  d i f f e r e n t  from  th a t  c h a r a c t e r i s t i c  o f  a  normal 
frequency  cu rv e . There were more p la n ts  in  C lass  0 t o  1 -  th a n  i n  any 
o th e r  c l a s s .  A lso, th e  frequency  o f  p la n ts  in  C la sse s  2 th ro u g h  6  was 
s im i la r .  As was th e  case  in  th e  o th e r  2 p la n tin g s  o f  t h i s  c ro s s ,  
d i s t r ib u t io n  i n  Fg was n e i th e r  ty p ic a l  o f  a  q u a l i t a t i v e  c h a ra c te r  n o r o f  
a  q u a n t i ta t iv e  c h a ra c te r .
Because o f th e  v a r i a b i l i t y  o f  th e  p a re n ts  and th e  F-j_ g e n e ra tio n , 
i t  was d i f f i c u l t  to  a r r iv e  a t  a  r e l i a b l e  e s tim a te  o f th e  f re q u e n c ie s  
w ith  which p a re n ta l  genotypes were reco v ered  in  F g . F o rty  o f  th e  335 
p la n ts  occurred  in  C lass 6 .  I t  would seem lo g ic a l  t o  assume th a t  m ost, 
though no t a l l ,  o f  th e s e  p la n ts  were re c o v e r ie s  o f  th e  s u s c e p tib le  
p a re n t genotype. A lso , a few homozygous s u s c e p t ib le  Fg p la n ts  may have 
o ccu rred  i n  o th e r  c la s s e s  s in c e  22$ o f th e  H a lf  and H alf p la n ts  were 
below C lass 6 .  However, some o f th e  p la n ts  i n  C lass  6 may have been 
h e te ro 2ygous s in c e  about 10$ o f th e  F^ p la n ts  o ccu rred  i n  t h i s  c l a s s .  
O bviously, one could no t determ ine which o f th e  Fg p la n ts  were homozygous 
su s c e p tib le  w ithout a  progeny t e s t ,  b u t i t  would appear very  p robab le  
t h a t  a  s iz e a b le  number o f homozygous s u s c e p tib le  p la n ts  were reco v ered  
in  th e  Fg g e n e ra tio n .
A pproxim ately 1  o f  th e  F2 p la n ts  were in  th e  r e s i s t a n t  c la s s  o f  
0 t o  l - «  A lthough most o f  th e s e  may have been  homozygous r e s i s t a n t ,  some 
p ro b ab ly  were heterozygous s in c e  over 10$ o f  th e  F^ p la n ts  a lso  occu rred  
i n  t h i s  c l a s s .  D esp ite  th e  f a c t  t h a t  over h a l f  o f  th e  D elfos h25 p la n ts  
were c la s se d  h ig h e r th a n  C lass  0 t o  1 - ,  i t  was n o t v ery  p ro b ab le  t h a t
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many homozygous r e s i s t a n t  Fg p la n ts  occu rred  in  o th e r  c l a s s e s .  The 
im p ro b a b ility  t h a t  p la n ts  o f  D elfos h2$, in c lu d ed  i n  t h i s  p la n t in g ,  
a c c u ra te ly  re p re se n te d  th e  phenotype o f  homo2ygous r e s i s t a n t  p la n ts  
has a lread y  been d isc u s se d .
Thus, i t  would appear p ro b ab le  t h a t  b o th  th e  s u s c e p tib le  
p a re n t genotype and th e  r e s i s t a n t  p a re n t genotype were reco v ered  a 
number o f  tim es in  th e  Fg g e n e ra tio n . The frequency  w ith  which th e y  
appeared t o  have been reco v ered  i n  t h i s  p la n tin g  was in  agreement w ith  
e s tim a te s  a r r iv e d  a t  from th e  2 p rev io u s  p la n t in g s .  R e su lts  from a l l  
3 p la n tin g s  suggested  t h a t  th e  p a re n ts  d i f f e r e d  by only  a few p a ir s  o f  
genes f o r  r e s is ta n c e  t o  w i l t ,  perhaps as few as a  s in g le  p a i r .
F-j D ata -  F o r ty - f iv e  F^ l i n e s ,  2 p lo ts  o f D elfos 1*25-18, 3 
p lo ts  o f  H alf and H alf-17 and 1 p lo t  o f  th e  F^ g e n e ra tio n  were grown 
in  P la n tin g  No. 3 in  1952* F^ seed  came from Fg p la n ts  grown under 
w i l t - f r e e  c o n d itio n s  in  o rd e r t o  avoid n a tu r a l  s e le c t io n  f o r  r e s i s ta n c e .  
Thus, unb iased  d i s t r ib u t io n  o f F^ l in e s  was expected .
Frequency d is t r ib u t io n s  and average degree o f w i l t  in f e c t io n  
f o r  each F^ l i n e  and p a re n t row are  g iv en  in  T able 1*. The in c id en ce  o f  
w i l t  was v ery  sev ere  and uniform . The 3 p lo ts  o f  th e  H alf and H alf-17 
p a re n t averaged 5*88 , 5*98 and 6 ,0 0 . Most o f th e  H alf and H alf p la n ts  
were in  C lass  6; none o ccu rred  below C lass  5* On th e  c o n tra ry , not a  
s in g le  p la n t  o f  th e  D elfos 1*25 p a re n t showed l e a f  symptoms o f  w i l t j  
about 80# o f  i t s  p la n ts  were c l a s s i f i e d  0 t o  1 - .  The average degree o f 
in f e c t io n  f o r  99 p la n ts  o f  th e  D elfos p a ren t was 0.33 as compared to  
5 .9 6  f o r  an average o f  118 p la n ts  o f  th e  H alf and H alf p a re n t.
The F^ g e n e ra tio n  had a  mean w i l t  in f e c t io n  o f 3*50. This
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T able 1*. Frequency d is t r ib u t io n s  o f  th e  p a re n ts  and p o p u la tio n s  and 
F , l i n e 3 o f th e  D elfos It25-18 x  H alf and H alf-17 c ro s s .  P la n tin g  
No. 3 , 1932.
Wilt classes____________   Total Av.
Populations 0 to  1— 1 2 3- 3 it 5 4 plants w ilt
Delfos 1*25 
Fo -  13 
BX -  1 
5 5 - 1 9  
F3 -  17 
Fo -  it 
F3 -  33 
-  7 
5 5 - 2 3  
FX -  U2 
Fo -  li3
5 5 - 3 7
FX -  1*6 
5 X - 3 6  
BX -  18 
BX -  lU 
5*3-13 
f ;  - 1 0  






















































23 5 7 2 3 1 2 3 Jt6 l . i i l
13 2 6 11 It 1 1 38 1.71
12 11 11 11 1 2 5 33 1.96
16 3 9 1* 5 it 5 it6 2.09
12 8 13 5 1* 2 3 3 32 2.11
18 3 8 3 10 2 6 3 53 2.13
16 6 3 6 7 3 1 6 30 2.18
20 3 7 1* 6 1 11 32 2.23
13 1 6 1 7 3 it 3 ito 2.1+7
13 It 1* 1* 6 2 it 8 lt7 2.1*7
F, -  2
55 -  31*
F5 -  8 
BX -  11 
5X -  1|7 
F 3 - 2 h 
F; -  16 
5 X - 3 9
A - *
11 3 3 k 7 2 5 6 it3 2.63
10 2 8 8 5 1 it 8 lt6 2.72
12 7 1* 2 7 5 8 9 5it 2,87
12 1 3 6 3 7 11 it5 3.02
9 5 9 3 it 2 8 11 51 3.08
11 3 2 3 3 it 7 13 32 3.10
n 2 1* 2 it 8 10 11 52 3.37
7 1* 5 6 U 3 5 lit it8 3.37
2 2 1* 7 10 3 it 7 39 3.38
it 6 2 7 It 3 13 7 ii6 3.1*6
Fo -  '9 
BX -  21 
5 X - 3 2
f3 -  30
5 3 3 8 8 3 11 9 52 3.50
9 2 6 3 3 3 11 13 52 3.5U
12 2 3 1 It 5 6 19 5it 3.5U
11 3 9 3 1 6 23 56 3.61
11 2 it It it 7 19 51 3.71*f 3 -  26
BX -  ItO 
53 -  U3
5  ~ 3F^ -  38
3 1* 8 3 6 3 13 13 55 3.87
3 2 8 5 3 13 20 5it it. 22
2 2 3 5 6 3 7 19 lt7 1**26
8 2 1 1 3 3 lit 23 57 lt.35
3 3 3 5 3 3 6 29 59 1U2
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Table 1. Frequency distribubiona of the parents and F^ populations and 
Fq lin e s  of th e  Delfos 125-18 x Half and Half-17 cross. Planting 
No. 3# 1952. (continued)
Populations
Wilt classes





Fq -  20
Fq -  25 . 
K  -  31
Fq -  12$ ' fJbo •• o
PT- l iU




Half & Half-17 
Half & Half-17 
Half & Half-17
1 1 3 5 19 8 39 1*61
3 3 3 1 11 32 53 1.98
1 1 11 31 53 5.36
1 1 18 28 51 5.37
5 2 12 30 1|9 5.37
1 5 9 33 US 5.10
9 35 uu 5.80
7 38 15 5.81
5 113 118 5.96
d istrib u tio n  of individual p lo ts  of parents
38 6 5 19 0.33
ill 1 8 50 0 .3I
ll 30 3 l 5.88
1 1|6 17 5.98
37 37 6.00
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value was approximately Intermediate between the mean of the 2 parents 
and, also, about midway in  the d is trib u tio n  of F  ̂ lin e  means* Again, 
the varia tion  among individual p lan ts was appreciable. They varied 
from plants free from w ilt to  plants th a t died from w ilt. Some F-̂  
plants occurred in  each of the w ilt classes recognized. As was pointed 
out e a r l ie r , th is  varia tion  was probably environmental ra th e r than 
genetical since i t  seems lik e ly  th a t the  parent p lants were homozygous, 
at le a s t a t the time they were crossed in  1950 and 1951* Thus, i t  was 
concluded th a t plants heterozygous fo r  resistance to  w ilt were in­
fluenced much more by environment than p lan ts homozygous for resistance 
or su scep tib ility . The phenotype of heterozygous p lan ts was most 
irregu lar; they could occur in  any w ilt c lass , depending, apparently, 
on the environment.
F^ lin es varied in  th e ir  mean w ilt reaction  from lin e s  as 
res is tan t as the re s is tan t parent to  lin es  as susceptible as the suscep­
t ib le  parent with a complete range between. They could not be grouped 
in to  any well d ifferen tia ted  c lasses. The more re s is ta n t lin es  varied 
in  th e ir  degree of resistance and th e  more susceptible lin es varied in  
th e ir  degree of su scep tib ility . Also, the d is trib u tio n  of F^ line  means 
was more or less symmetrical. The arithm etical average of the  2 parents 
was 3*15* Twenty-four of the F^ lin e s  had means on the re s is ta n t side 
of th is  average as compared to  21 on the susceptible side . D istribution  
of F  ̂ lin es  was sim ilar to  the type of d is trib u tio n  expected fo r a 
quantitative character•
Three of the 15 F  ̂ lin e s  appeared to  be ju st as re s is tan t as 
the re s is tan t parent. They were F^ -  13, F^ -  1 and F^ -  19 . Means and
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freq u en cy  d i s t r ib u t io n s  f o r  th e se  l in e s  were s im i la r  t o  th ?  mean and 
d i s t r i b u t io n  o f  D elfos 1*25. None o f  th e s e  l in e s  had p la n ts  in  excess 
o f  C lass 2 . These 3 l in e s  were considered  t o  be p robab le  re c o v e r ie s  o f  
t h e  genotype o f  th e  r e s i s t a n t  p a re n t .  T hree a d d it io n a l  l in e s  were 
h ig h ly  r e s i s t a n t  and uniform  i n  t h e i r  w i l t  r e a c t io n .  These l i n e s  were 
F^ -  17* F^ -  1* and F^ -  33* I t  was recogn ized  t h a t  th e y  a lso  may have 
been  re c o v e r ie s  o f  th e  r e s i s t a n t  p a re n t genotype. However, s in c e  each 
o f  th e s e  l i n e s  had p la n ts  which exceeded th e  upper l im i t s  in  th e  
d i s t r i b u t io n  o f  th e  D elfos k2$ p la n ts ,  i t  was concluded th a t  th e y  prob­
ab ly  were no t genotyp ic  re c o v e r ie s  o f t h a t  p a re n t .  I t  seemed v ery  
u n l ik e ly  t h a t  any o f  th e  rem aining l in e s  were g e n e t ic a l ly  as r e s i s t a n t  
as D elfos h2$» Each o f  th e  rem aining l in e s  had s e v e ra l  p la n ts  w ith  
sev e re  symptoms o f w i l t .
Two o f  th e  F^ l i n e s ,  F3 -  Ijl and — 1*1* appeared t o  be ju s t  
as s u s c e p tib le  t o  w i l t  as th e  H alf and H alf p a re n t .  The mean and 
frequency  d i s t r ib u t io n  f o r  each o f th e s e  l in e s  were s im ila r  t o  th e  mean 
and frequency d i s t r ib u t io n  o f H alf and H a lf . Each l i n e  was co n sid e red  
t o  be a  p ro b ab le  reco v ery  o f  th e  genotype o f t h a t  p a re n t f o r  s u s c e p ti­
b i l i t y .  Four a d d it io n a l  l i n e s  were h ig h ly  s u s c e p tib le  and, a ls o ,  may 
have been  re c o v e r ie s  o f  th e  s u sc e p tib le  p a re n t genotype. These l in e s  
were F^ -  6 ,  F^ -  35# F3 -  12 and F^ -  31 • AH p la n ts  o f  th e s e  l i n e s ,  
excep t f o r  1 p la n t  in  F^ -  6 , had l e a f  symptoms o f w i l t .  T h is  p la n t  may 
have been  an e sc ap e . D esp ite  th e  h igh  in c id en ce  o f  w i l t  i n  th e s e  l i n e s ,  
t h e i r  r e a c t io n  d id  no t appear t o  be ty p ic a l  f o r  th e  H alf and H alf p a re n t .  
A ll p la n ts  o f  H alf and H alf showed very  sev ere  symptoms o f w i l t ,  o ccu rrin g  
i n  C lasses  $  and 6 .  In  f a c t ,  over 90% o f  i t s  p la n ts  d ied  from w i l t .  On
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th e  c o n tra ry , s e v e ra l p la n ts  o f  each o f  th e s e  U l i n e s  were m oderately  
in fe c te d  w ith  w i l t  and occu rred  i n  C lass  3 .  Although th e s e  l i n e s  were 
h ig h ly  s u sc e p tib le  t o  w i l t ,  i t  was concluded t h a t  th e y  p robab ly  were 
no t geno typ ic  re c o v e rie s  o f  th e  H alf and H alf p a re n t f o r  s u s c e p t i b i l i t y .  
I t  would no t appear l i k e l y  t h a t  any o f  th e  rem aining  l in e s  were g e n e ti­
c a l ly  as s u sc e p tib le  as th e  s u s c e p tib le  p a re n t .  A ll had s e v e ra l  p la n ts  
w ithout l e a f  symptoms o f  w i l t .
These d a ta  d e f in i t e ly  in d ic a te  th a t  th e  p a re n ts  d i f f e r e d  by 
more th a n  a  s in g le  p a i r  o f  genes f o r  r e s i s ta n c e .  The reco v ery  o f  3 out 
o f  US l in e s  l i k e  th e  r e s i s t a n t  p a re n t and 2 ou t o f  bS l i n e s  l i k e  th e  
s u sc e p tib le  p a ren t was much l e s s  th a n  th e  1  out o f 1* r a t i o  expected  f o r  
a  s in g le  f a c to r  p a i r .  The r a t i o ,  however, was v e ry  c lo se  to  th e  1 out 
o f  16 expected f o r  2 f a c to r  p a i r s .  I t  was concluded, th e r e f o r e ,  th a t  
a t  l e a s t  2 f a c to r  p a i r s  were n ecessa ry  t o  account f o r  th e  r e s u l t s  
ob ta in ed  in  F^.
The f a c t  th a t  th e  frequency  d i s t r i b u t io n  o f th e  Fg p o p u la tio n  
in  each o f  th e  3 s e p a ra te  p la n tin g s  was n o t sym m etrical and o th erw ise  
d i f f e r e n t  from a normal frequency curve suggested  t h a t  th e  2 p a i r s  o f  
genes may no t have been equal in  t h e i r  e f f e c t s ,  a lthough  th e  p o s s i b i l i t y  
o f genes w ith  equal e f f e c ts  co u ld  no t be ru le d  ou t co m p le te ly . The d a ta  
seemed t o  b e s t f i t  a h y p o th esis  th a t  th e  p a re n ts  d i f f e r e d  in  t h e i r  
r e a c t io n  t o  w il t  by a  m ajor p a i r  o f  genes p lu s  1  o r  more p a i r s  o f  m inor 
o r m odifying genes. The frequency  w ith  which th e  p a re n ta l  genotypes 
appeared t o  have been recovered  in  each o f  th e  3 p la n t in g s  o f  th e  Fg 
p o p u la tio n  was c o n s is te n t ly  betw een th e  number expected  f o r  a s in g le  
f a c to r  p a i r  and f o r  2 f a c to r  p a i r s .  The r e l a t i v e  e f f e c t s  o f  m odifying 
genes a re  sm all i n  com parison t o  m ajor g en es . O ften t h e i r  e f f e c t s  te n d
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t o  b e  masked by s e g re g a tio n  f o r  m ajor genes and environm ental v a r ia t io n .  
F or th e s e  re a so n s , se g re g a tio n  f o r  m odifying gene3 a re  d i f f i c u l t  t o  
d e te c t  on an in d iv id u a l p la n t  b a s is  in  Fg, b u t a re  d e te c ta b le  on a  l i n e  
b a s is  i n  F ^ . L ines homozygous f o r  th e  m ajor gene w i l l  vary  among them­
s e lv e s  accord ing  t o  t h e i r  genotype f o r  minor o r m odifying g enes. T h is  
may have been  th e  case  i n  t h i s  c ro s 3 .  V a ria tio n s  in  th e  degree o f 
r e s i s ta n c e  among th e  more r e s i s t a n t  F^ l in e s  and v a r ia t io n  in  th e  degree 
o f  s u s c e p t ib i l i t y  among th e  more s u sc e p tib le  F^ l in e s  may be exp la in ed  
on th e  b a s is  o f  m inor o r m odifying genes f o r  r e s is ta n c e  and s u s c e p ti­
b i l i t y .  The 3 h ig h ly  r e s i s ta n t  F^ l in e s  which d id  no t appear to  be 
geno typ ic  re c o v e r ie s  o f th e  r e s i s t a n t  p a re n t ,  F^ -  17 ,  F^ -  1* and F^ -  33* 
may have been  homozygous r e s i s t a n t  f o r  th e  m ajor p a i r  o f genes b u t had 1 
o r more m inor genes fo r  s u s c e p t ib i l i t y .  L ikew ise, th e  U F^ l in e s  which 
were h ig h ly  s u sc e p tib le  b u t no t q u ite  as s u s c e p tib le  as H alf and H a lf,
F^ -  31* F^ -  12 ,  F^ -  35 and F^ -  6 ,  may have been homozygous s u sc e p ti­
b le  f o r  th e  m ajor p a i r  o f  genes b u t had 1 o r  more m inor^genes f o r  
r e s i s ta n c e .
I f  th e  p a re n ts  o f  t h i s  c ro ss  had d i f f e r e d  by 2 f a c to r  p a i r s ,  
th e r e  should  have been a  number o f F^ l in e s  homozygous r e s i s t a n t  f o r  1 
f a c to r  p a i r  and homozygous s u s c e p tib le  f o r  th e  o th e r  f a c to r  p a i r .  I f  
th e  2 p a i r  o f  genes had been eq u a l in  t h e i r  e f f e c ts  on ra * £ stan ce , th e se  
homozygous l in e s  should  have had means approxim ately  in te rm e d ia te  be­
tw een th e  p a r e n ts .  T h is  was no t th e  c a se . A ll o f  th e  F^ l in e s  w ith  means 
approxim ate ly  in te rm e d ia te  betw een th e  p a re n ts  were very  v a r ia b le .  Al­
most a l l  had some p la n ts  i n  every w i l t  c l a s s .  The on ly  l in e s  which 
showed evidence o f  being  homozygous were th o se  which were equal to  o r
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approached th e  mean o f  th e  s u s c e p tib le  p a r e n t .  T h is  a lso  suggested  
t h a t  th e  p a re n ts  may have d i f f e r e d  by a  m ajor p a i r  o f  genes p lu s  1  o r  
more p a i r s  o f  m inor o r  m odifying genes.
D elfos i|2 5 -H  x  H alf and H alf-16  
Fg p o p u la tio n s  o f t h i s  c ro ss  were s tu d ie d  i n  P la n tin g  No. 1 , 
i n  195l> and again  in  P la n tin g  No. 1|, i n  1952 .  The F^ p o p u la tio n  was 
s tu d ie d  in  P la n tin g  No. 1|, in  1952.
F2 D ata -  The degree o f w i l t  in f e c t io n  in  P la n tin g  No. 1 was 
n e i th e r  sev ere  nor uniform . T his was ev id en t by th e  r e a c t io n  o f th e  
H alf and H alf p a re n t.  F ive  rows o f H a lf  and H alf were grown a t  random 
th roughou t th e  t e s t  a re a . The average f o r  th e s e  rows v a r ie d  from 1,68 
t o  I*.96. A lso, th e  frequency o f  s e v e re ly  in fe c te d  p la n ts  o f  H alf and 
H alf and th e  Fg p o p u la tio n  was g re a te r  i n  c e r t a in  a reas  o f th e  p la n tin g  
th a n  in  o th e r s .  Due to  th e  h igh  frequency  and i r r e g u l a r i t y  w ith  which 
homozygous s u sc e p tib le  p la n ts  escaped in f e c t io n ,  r e l i a b i l i t y  o f  d a ta  
c o l le c te d  from t h i s  p la n tin g  was co n sid e red  q u e s tio n a b le .
Only a  few o f th e  p la n ts  grown o f H alf and H alf were o f th e  
p a ren t p la n t ,  H alf and H alf-16 . A lso , no t a l l  o f  th e  p la n ts  grown o f 
D elfos 1|25 were o f th e  p a re n t p la n t ,  D elfos k25 -1 1 . P o p u la tio n s  o f  H alf 
and H alf and D elfos U2$, grown in  t h i s  p la n t in g ,  were th e  same as g iven  
in  Table 1 and d iscu ssed  in  P la n tin g  No. 1 o f th e  D elfos U25-18 x  H alf 
and H alf-17 c ro s s .
Frequency d is t r ib u t io n s  o f  Fg and p a re n t p la n ts  grown in  
P la n tin g  No. 1 a re  g iven  in  T ab le  5 . The mean f o r  129 p la n ts  o f D elfos 
ii25 was O .lli. Most o f  th e  p la n ts  o f  t h i s  p a re n t occurred  i n  C lass 0 to  
1 - ;  none exceeded C lass 2 . The mean f o r  111 p la n ts  o f  H alf and H alf
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Table 5 . Frequency d is tr ib u tio n s  o f  the parents, F  ̂ and F£ p lants  
from th e  D elfos 1*25-11 x  H alf and Half-1 6  cro ss . P lanting No.
1, 1951.
P o p u la tio n s 0 t o  1 -
W ilt
1
c la s s e s
2 3 1* 5 6
T o ta l
p la n ts
Av.
w ilt
D elfos 1*25* 113 H* 2 129 O.lL*
H alf & H alf** 18 1* 5 21* 11 25 21* 111 3.59
F2 11*1* 1*0 2l* 32 19 18 12 289 1.1*6
^C o n sisted  o f I46 p la n ts  o f D elfos 1*25-Hj lit p la n ts  o f D elfos 1*25-18, 
1+0 p la n ts  o f  D elfos 1*25-1 and 29 p la n ts  o f  D elfos 1*25-1*.
^ C o n s is te d  o f 2 p la n ts  o f  H alf and H alf-16 , 7 p la n ts  o f  H alf and 
H alf-1 7 , 81* p la n ts  o f  H alf and H alf-13 and 18 p la n ts  o f  H alf and 
H a lf-8 .
6k
was 3 .5 9 . There was an ap p rec iab le  amount o f  v a r ia t io n  i n  th e  w i l t  
r e a c t io n  o f d i f f e r e n t  p la n ts  o f  t h i s  p a re n t .  P la n ts  ranged from 
C lass  0 t o  C lass  6 . Each w i l t  c la s s  was re p re se n te d  by a t  l e a s t  
s e v e ra l  Half and H alf p la n t s .  There was no d i s t i n c t  modal c la s s  f o r  
t h i s  p a re n t .
The mean fo r  th e  Fg p o p u la tio n  was 1.1(6, a  va lue  somewhat
in te rm ed ia te  between th e  p a re n ts  b u t s l i g h t l y  skewed tow ard th e
r e s is ta n t  parent. D istr ib u tio n  o f Fg p lan ts  was continuous, ranging
from C lass  0 t o  C lass 6 .  There was no evidence o f d isco n tin u o u s
c la s se s  as would be expected  f o r  a  q u a l i t a t iv e  c h a ra c te r .  A lso,
d i s t r ib u t io n  o f Fg p la n ts  was d e f in i t e ly  no t sym m etrical. H alf o f  th e
F p la n ts  occu rred  in  C lass 0 t o  1 - .  The frequency  d i s t r ib u t io n  in  Fp 
2
was co n s id e rab ly  d i f f e r e n t  from th a t  o f  a  normal frequency  curve 
c h a r a c te r i s t i c  o f a  q u a n t i ta t iv e  c h a ra c te r .  Thus, th e  d i s t r ib u t io n  
o f F^ p la n ts  in  t h i s  p la n tin g  was no t ty p ic a l  f o r  n e i th e r  a  q u a l i t a t iv e  
no r a  q u a n t i ta t iv e  c h a ra c te r .
O ne-half o f  th e  Fg p o p u la tio n , II4I4 p la n t s ,  occurred  in  C lass 
0 t o  1 - .  Although t h i s  was th e  modal c la s s  o f  th e  r e s i s t a n t  p a re n t ,  
i t  was im possib le  to  a r r iv e  a t a  r e l i a b le  e s tim a te  o f  th e  number o f Fg 
p la n ts  th a t  may have been g e n e tic a l ly  as r e s i s t a n t  as D elfos There
was evidence i n  Fg o f a  s tro n g  p a r t i a l  dominance f o r  r e s i s ta n c e .  Thus, 
a number o f heterozygous p la n ts  may have been  p laced  in  th e  0 t o  1-  
c l a s s .  The frequency w ith  which H alf and H alf p la n ts  occurred  i n  th e  
0 t o  1-  c la s s  in d ic a te d  th a t  a  number o f  homozygous s u s c e p tib le  p la n ts  
escaped in f e c t io n  in  Fg and were p laced  in  t h i s  c la s s  a ls o .  The accumu­
la t io n  o f p la n ts  on th e  r e s i s ta n t  p a ren t s id e  o f th e  curve i s  what
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would have been  expected  from escapes*
D esp ite  escapes and l i g h t  in f e c t io n ,  30 out o f  289 Fg p la n ts  
occu rred  in  th e  se v e re  w i l t  c la s s e s  o f 5 and 6 , Twelve o f  th e s e  p la n ts  
d ied  from  w i l t  and 18 occurred  i n  C lass  5* S ince  le s s  th a n  h a l f  o f  th e  
H alf and H alf p la n ts  o ccu rred  i n  th e s e  c la s s e s ,  i t  seems p ro b ab le  t h a t  
a  number o f homozygous s u s c e p tib le  Fg p la n ts  a lso  o ccu rred  i n  low er 
c la s s e s .  Thus, th e  frequency  w ith  which s u sc e p tib le  p la n ts  was 
recovered  in  Fg was su g g es tiv e  o f  a d if fe re n c e  between th e  p a re n ts  o f  
only  a  few p a i r s  o f  genes, perhaps no more th an  a s in g le  f a c to r  p a ir*
The p a re n ts ,  F^ and Fg p o p u la tio n s  o f  t h i s  c ro ss  were grown 
ag a in  in  1952 i n  P la n tin g  No. lu  The in c id en ce  o f w il t  i n  t h i s  p la n tin g  
was m oderately  heavy and s l i g h t ly  v a r ia b le .  Some homozygous s u s c e p tib le  
p la n ts  escaped in f e c t io n ,  more in  some sp o ts  o f th e  f i e ld  th a n  in  o th e r s .  
Six: rows o f  H alf and H alf were grown a t  in te r v a ls  w ith in  th e  a re a  devoted 
t o  t h i s  p la n t in g .  T h e ir  averages were as fo llo w s: 3*70, i|.5 8 , 1i .6 9 ,
5 *00 , 5»3J+ and 5*91.
Seed o f  th e  H alf and H alf-16  p a re n t were n o t a v a ila b le  f o r  
p la n t in g .  I t s  s i s t e r  s e le c t io n ,  H alf and H a lf-8 ,  was grown in s te a d .
S ince th e  o r ig in a l  H alf and H alf s t r a i n  had been in b red  f o r  a number o f  
y e a rs  p r io r  t o  th e  tim e th a t  th e  c ro sse s  were made, th e  genotypes o f 
H alf and H alf-16  and H alf and H alf-8  p robably  were s im ila r  in  reg a rd  t o  
w il t  s u s c e p t ib i l i t y .
Frequency d is t r ib u t io n s  o f  th e  p a re n ts ,  F^ and Fg p o p u la tio n s  
grown in  P la n tin g  No. li a re  g iven  in  T able 6 . The average f o r  293 p la n ts  
o f  H alf and H alf-8  was i|.8 1 |. A lthough each w il t  c la s s  was re p re se n te d  
by  a t l e a s t  a  few H alf and H alf p la n t s ,  78/0 o f  them o ccu rred  in  th e
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T able 6 ,  Frequency d is t r ib u t io n s  o f  th e  p a r e n ts ,  F and F„ p la n ts  
from  th e  D elfos 1*25-11 x  H alf and H alf-16  c ro s s .  P l a n t i n g  No. 1*, 
1952.
W ilt c la s s e s T ota l Av.
Populations 0 t o  1- 1 2 3 -  3 1* 5 6 p lan ts w ilt
D elfos 1*25-11 116 21 7 5 11*9 0 .32
Half & H alf-8 9 6 9 10  19 11 99 129 293 lu8i*
Fi * 21 16 18 18 7 1 1 1 83 1 .6 0
F2 1*5 27 18 12 12 6 16 k 11*0 1 .72
*F^ ® c ro ss  between D elfos 1*25-11 and H alf and H alf-13
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sev ere  w i l t  c la s s e s  o f  5 and 6, T his v a r ia t io n  could e a s i ly  be 
accounted f o r  b y  escapes and l a t e  in f e c t io n .  T h is  p la n tin g  was no t 
made u n t i l  J u ly  1 . There was n o t much tim e fo r  w il t  t o  develop b e fo re  
th e  n ig h ts  became c o o l and c o n d it io n s , i n  g e n e ra l, became u n fav o rab le  
f o r  w i l t  development*
The mean f o r  li t?  p la n ts  o f  D elfos 1;25 was 0 .3 2 . V a ria tio n  
among p la n ts  o f  t h i s  p a re n t was sm a ll. S ev en ty -e ig h t p e r  cen t o f  i t s  
p la n ts  o ccu rred  in  C la s3 0 t o  1 - .  F ive  o f  th e  lit?  p la n ts  showed l ig h t  
l e a f  symptoms and were c la s se d  3- ;  none, however, o ccu rred  above t h i s  
c l a s s .
E ig h ty - th re e  p la n ts  o f  th e  F^ g e n e ra tio n  from a c ro ss  betw een 
D elfos 1*25-11 and H alf and H alf-13 gave a  mean and frequency  d i s t r ib u ­
t i o n  which were somewhat in te rm e d ia te  betw een th e  p a re n ts  b u t s tro n g ly  
s h if te d  tow ard th e  r e s i s t a n t  p a re n t .  There was ap p rec iab le  v a r ia t io n  
among F-̂  p la n ts  w ith  a t  l e a s t  one p la n t in  each o f th e  w i l t  c la s s e s .  
However, on ly  1 p la n t  ou t o f  83 occurred  i n  each o f C la sses  i*, 5 and 65 
C lasses 0 t o  1 - ,  1 , 2 and 3 -  had approxim ately  equal number o f  p la n t s .
V a ria tio n  among lijO F2 p la n ts  was continuous b u t d e f in i t e ly  
skewed tow ard th e  r e s i s t a n t  p a re n t .  Almost tw ice  as mary p la n ts  
occurred  i n  C lass 0 t o  1 -  as in  any o th e r  w i l t  c la s s .  The only ev idence 
o f  a  somewhat d isco n tin u o u s  c la s s  was th e  r e l a t iv e ly  low frequency  o f 
p la n ts  i n  C lass  1*, s e p a ra tin g  th e  m oderate w i l t  c la s se s  o f  3 and 3-  from 
th e  sev e re  w i l t  c la s s e s  o f 5  and 6 .
Twenty out o f  th e  U*0 F2 p la n ts  occu rred  in  C la sses  5 and 6 .
S ix  a d d it io n a l  p la n ts  were in  C lass  1*. Judging from th e  d i s t r ib u t io n  of 
p la n ts  f o r  th e  H alf and H alf p a re n t and th e  F-̂  g e n e ra tio n , th e se  20 to
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26 p la n ts  would appear t o  be more n e a r ly  r e p re s e n ta t iv e  o f  th e  genotype
o f H alf and H alf th an  o f  th e  F g e n e ra tio n . I f  so , t h i s  would suggest
1
a d if fe re n c e  between th e  p a re n ts  f o r  only  a  s in g le  p a i r  o f  genes f o r  
r e s i s ta n c e .  However, th e  r a t i o  o f p la n ts  i n  C la sses  5  and 6 i n  Fg was 
q u i te  d i f f e r e n t  from th e  r a t i o  o f  p la n ts  i n  th e  same c la s s e s  f o r  th e  
H alf and H alf p a re n t .  In  th e  H alf and H alf p a re n t ,  s l i g h t l y  more p la n ts  
occurred  in  C lass  6 th a n  in  C la ss  5 , b u t ,  i n  th e  Fg p o p u la tio n , U tim es  
as mapy p la n ts  occurred  in  C lass  5 th a n  in  C lass  6 . T h is  c a s ts  some 
doubt on w hether most o f  th e s e  20 t o  26 p la n ts  in  Fg were as s u s c e p tib le  
as th e  H alf and H alf p a re n t.
F o r ty - f iv e  o f  th e  ll*0 F^ p la n ts  were p laced  in  C lass  0 t o  1 - .  
T h is was th e  m ajor w il t  c la s s  f o r  th e  D elfos k2$ p a re n t ,  b u t a  few p la n ts  
o f  D elfos a lso  occurred  in  c la s s e s  th ro u g h  3-* I t  shou ld  be p o in ted  
o u t,  however, th a t  about 2$% o f  th e  F^ p la n ts  a lso  occu rred  in  th e  0 t o  
1 -  c l a s s ,  as w e ll as some p la n ts  o f  th e  s u s c e p tib le  p a r e n t .  Thus, 
a lthough  some o f  th e  Fg p la n ts  in  C lass  0 t o  1 -  may have been 
homozygous r e s i s t a n t ,  a  p o r t io n  o f them a lso  may have been  heterozygous 
and a few may have been homozygous s u s c e p tib le  e sca p e s . The p ro b ab le  
p ro p o rtio n  of each could  not b e  de term ined .
The absence o f  c le a r - c u t ,  d isco n tin u o u s  c la s s e s  in  F„ was not
2
su g g estiv e  o f a  q u a l i ta t iv e  c h a ra c te r ,  and th e  non-sym m etrical d i s t r ib u ­
t i o n  in  Fg was n o t ty p ic a l  f o r  a  q u a n t i ta t iv e  c h a ra c te r .  Thus th e s e  
d a ta  are in  agreement w ith  th o se  from o th e r  Fg p la n tin g s  o f  th e  D elfos 
x  H alf and H alf c ro ss  i n  su g g estin g  th a t  r e s is ta n c e  t o  w i l t  i s  n e i th e r  
a ty p ic a l  q u a l i ta t iv e  c h a ra c te r  nor a  ty p ic a l  q u a n t i ta t iv e  c h a ra c te r .
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F̂  Data -  Populations of the 2 parents and the F̂  generation 
were grown with 57 F̂  lin es in  Planting No. 1*. This planting was made 
on July 1, 19^2 on so il moderately to  heavily infested with w ilt . There 
was, however, some variability  in severity of infection. Some homozygous 
susceptible plants were lig h tly  infected with w ilt, others escaped 
infection completely. This occurred more in  some spots of the fie ld  
than in  others. This was illustrated  by the variation in  means for 6 
rows of Half and Half grown at intervals over the area devoted to  th is  
planting. The means varied from 3*70 to 5«91* It  was th is planting in  
which the previous Fg population was included.
Seed of the Half and Half-16 parent plant were not available 
for planting. I ts  s is ter  selection, Half and Half-8 , was grown instead. 
Since the original Half and Half strain had been inbred for a number of 
years prior to crossing, i t  was thought that Half and Half-8 probably 
would approximate the phenotype of the susceptible parent.
Seed used to establish the F_ lines came from se lf-fer tilized
3
bolls produced on F2 plants included in Planting No. 1. The manner in  
which Fg plants were selected for progeny testing was described in the 
section on Materials and Methods. I t  was believed that they represented 
a random sample to a large extent.
The means and frequency distributions for the parents, the F̂  
generation and 57 F̂  lines are given in  Table 7* Also included are the 
means and frequency distributions for individual rows of each parent and 
the F̂  generation.
Although there was some environmental variation, the parents 
differed widely in their means. The average for IJ49 plants of Delfos
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Table 7 , Frequency distributions of parents and F̂  populations and 57 
Fo lin es from the Delfos 1|25-H x Half and Half-16 cross* Planting 
No* 1|, 1952*
W ilt c la s s e s no* of Av.
'2 
plant
Populations 0 to  1- 1 2 3- 3 ll 5 6 plants w ilt value
Delfos 1*25 116 21 7 5 lii9 0*33
F3 -  12 P 9 2 1|6 0.28 0FX -  l|0
Fo -  11
n  -  23
FX -  18
U7 13 2 1 1 1 65 o .ia 0
30 5 2 3 1 111 0.51 0
17 Hi 3 3U 0.59 1-
20 6 5 2 33 0.66 3
A  “ #
FX -  If  
FX -  8 
FX -  21
33 12 10 1 1 57 0.68 0
20 15 9 lili 0.75 0
29 6 13 1 1 50 0.80 0
20 Hi 8 1 1 lili 0.82 0
F3 -  16 28 Hi 5 5 1 1 5U 0.85 1
FX -  17 
FX -  20
* 3 - 3  FX -  Hi 
5 - 3 6
fx -  9 
FX -  19
A  -  hk
25 6 11 2 1 1 U6 O.89 0
32 5 6 6 3 52 0.90 3
16 6 2 1 ll 1 30 1.00 0
13 li 6 2 2 27 1.00 5
2h 7 6 1 ll 2 1 Ii5 1.11 3
27 3 3 5 3 2 2 U5 1.13 0
19 8 111 1 2 2 l|6 1.35 3
15 h 18 2 1 1|0 1.20 0
FX -  10 
FX -  13
13 -  u
F3 -  29
25 11 5 5 6 1 1 1 55 1,22 3
16 8 7 2 3 1 2 39 1.28 0
18 7 li 3 3 1 3 39 1.31 0
9 li 3 2 2 2 22 1 . 1a 1
K  -  31 
*1
29 12 1 3 6 2 5 2 60 l.i|2 0
21 16 18 18 7 1 1 1 83 1.60
Ft -  51+ 35 7 1 3 7 6 6 3 68 1.62 0
Hi 6 5 3 3 2 3 1 37 1.67 1
FX -  5
FX -  56 
FX -  27 
FX -  2i| 
K  -  SI 
FX -  57 
A  -  7 
FX -  38 
FX -  37
*• X
FX -  53 
FX -  28 
FX -  15
F3 -  I16
23 7 6 2 1 2 6 ll 51 1.75 2
12 li Hi 6 li 2 2 lili 1.75 2
15 11 7 2 6 2 2 ll 1|9 l . S b 1 -
19 6 6 7 3 1 8 2 52 i.9lj 0
2 7 13 17 39 1.95 1
8 li 7 17 3 2 la 1.95 0
9 2 7 5 3 2 3 31 1.97 6
Hi 9 10 2 li 1 5 ll U9 2.02 3
8 3 12 11 3 2 2 1|2 2.10 ll
7 2 5 6 2 3 2 27 2.11 5
8 8 5 3 3 1 3 ll 35 2.23 3
8 li 15 6 3 2 3 3 lili 2.25 0
9 8 3 5 ll 1 6 3 39 2.33 1
6 6 6 li 6 3 6 37 2.38 6
h 2 7 2 3 1 li 1 2li 2.50 2+
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T able  7* Frequency d i s t r ib u t io n s  o f  p a re n ts  and Fn p o p u la tio n s  and 57 
F_ l i n e s  from th e  D elfos 1425-11 x  H a lf  and H a lf - l6  c r o s s .  P la n tin g  
No, I4,  1952, (co n tin u ed )
P o p u la tio n s 0 t o  L> l
W ilt
2
c la s s e s
3 -  3 h 5 6
T o ta l  
no , o f  
p la n ts
Av.
w i l t
" p—  —
p la n t
va lu e
-  33 2 3 11 2 6 21* 2 .5 0 1 -A -  35 9 2 12 2 2 10 2 39 2.51* 1A -  1*2 11 5 9 1+ 1 7 7 1*1* 2.61* 1A -  2 11 7 1* 5 5 3 8 6 1*9 2.67 1*A -1*9 2 5 6 10 3 2 1* 2 31* 2.68 1A -  50 13 6 6 2 1* 1* 20 5 60 3 .02 1*A -  l a 9 9 6 6 3 2 10 11 56 3 .02 2F? -  1*3 6 3 1 5 7 3 11 2 38 3 .10 3H -  U7 3 6 10 1* 3 2 11* 1* 1*6 3 .2 0 5A -  32 5 1* 1* 1 1 5 6 26 3 .31 5A -  6 6 5 1 1 1 13 6 33 3.1*8 5+A - 5 5 3 1 2 3 9 1* 22 3.77 5A -  1*8 1 2 5 3 2 10 1 21* 3 .79 3
f 3 -  22 5 3 2 3 5 17 12 1*7 U.13 3
-  26 3 3 2 1* 1 20 10 1*3 !*• 28 5
-  52 1 2 1 2 3 18 8 35 1*.66 2
K  -  3U 1 1 12 21* 38 5.55 5
H alf & H alf 9 6 10 10 19 11 99 129 293 1*.85
Frequency d is t r ib u t io n s  o f  in d iv id u a l p lo ts  o f p a re n ts and F1
D elfos 1*25-11 58 7 2 67 0.16
D elfos 1*25-11 29 7 1 37 0.27
D elfos 1*25-11 29 7 1* 5 1*5 0 .62
Fl£ 11 11 9 5 5 1 1*2 1.1*5Ft* 10 5 9 13 2 1 1 l a 2 .02
HaLf & H alf-8 5 3 5 1 5 3 17 7 1*6 3.70
H alf k  H alf-8 1 1* 3 7 22 16 53 1*.58
H alf & H alf-8 2 1 1 3 3 6 21* 18 58 I*.69
H alf & H alf-8 2 2 19 13 36 5 .oo
H alf k  H alf-8 1 1 1* 2 12 23 1*3 5.11*
H alf k  H alf-8 5 52 57 5 .91
*FX -  D elfos U25-11 x  H alf and H alf-13
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ll2£ was 0.33* • Most o f  i t s  p la n ts  were c la s s e d  0 t o  1 - j  none were
c la s s e d  h ig h er th a n  3 - .  Means f o r  th e  3 rows o f D elfos v a r ie d  from
0 .1 6  t o  0 . 62 .
The average fo r  293 p la n ts  o f H alf and H alf was U .8£. Most o f 
i t s  p la n ts  occu rred  i n  C lasses  £ and 6 . Almost h a l f  o f  th e  p la n ts  were 
i n  C la ss  6 a lo n e . Twenty-two p e r  cen t o f  th e  H alf and H alf p la n ts  oc­
c u rre d  below C lass  £ . There were some p la n ts  in  each o f  th e  w il t
c l a s s e s .  The l a t e  p la n tin g  may have been  p a r t i a l l y  re sp o n s ib le  f o r  th e  
frequency  o f  escapes and p la n ts  w ith  l i g h t  in f e c t io n .  There was n o t 
much tim e from th e  d a te  o f  p la n tin g  u n t i l  co n d itio n s  became u n fav o rab le  
f o r  w il t  developm ent. Means fo r  th e  6 rows o f H alf and H alf v a r ie d  
from 3 .7 0  to  £ .9 1 .
The mean o f  83 p la n ts  o f  th e  F^ g e n e ra tio n  o f  th e  c ro ss  between 
D elfos U23>-11 x  H alf and H alf-13 was 1 .6 0 . The 2 F^ rows had average 
w i l t  c la s s e s  o f l.U £  and 2 .0 2 . These means were approxim ately  i n t e r ­
m ediate betw een th e  p a re n ts  b u t s l ig h t ly  l e s s  th an  t h e i r  a r i th m e tic a l  
av erag e . In d iv id u a l F^ p la n ts  occurred  in  each o f th e  w i l t  c la s s e s ,  
though on ly  one p la n t  occu rred  in  each o f  th e  C lasses  1*, £ and 6 . D i s t r i ­
b u tio n  o f  F^ p la n ts  was d e f in i t e ly  skewed tow ard th e  r e s i s t a n t  p a r e n t .  - 
E ig h ty -e ig h t p e r  c e n t o f  th e  F^ p la n ts  occu rred  in  C la sses  0 th rough  3 - , 
w ith  approxim ately  equal numbers in  each c l a s s .  These d a ta  suggested  
p a r t i a l  dominance f o r  r e s is ta n c e .
The £7 F^ l in e s  v a r ie d  in  t h e i r  average degree o f in f e c t io n  from 
l in e s  as r e s i s t a n t  as th e  r e s i s t a n t  p a ren t t o  l in e s  as s u s c e p tib le  as 
th e  s u sc e p tib le  p a re n t .  No w e ll sep a ra ted  c la s s e s  were a p p a re n t. The 
d i s t r ib u t io n  o f F^ l i n e  means was more sym m etrical th a n  th e  d i s t r ib u t io n
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o f Fg p la n t s .  A lso , th e  d i s t r ib u t io n  o f  F^ l in e s  gave a  b e t t e r  f i t  t o  
a  normal frequency  curve th a n  th e  Fg p la n ts  and, in  g e n e ra l,  was more 
n e a r ly  su g g e s tiv e  o f  a  q u a n t i ta t iv e  c h a ra c te r  th an  Fg d a ta .  N everthe­
l e s s ,  d i s t r i b u t io n  o f F^ l i n e  means was n o t e n t i r e ly  t y p i c a l  o f  a 
q u a n t i ta t iv e  c h a ra c te r .  The frequency  o f  F^ l i n e  means was d e f in i te ly  
skewed tow ard th e  r e s i s t a n t  p a re n t .  T h is  was no t th e  case i n  th e  
o th e r  D elfos 125 x  H alf and H alf c ro s s .  The f a c t  th a t  t h i s  p la n tin g  
was no t made u n t i l  Ju ly  1  may have had some b ea rin g  on th e  r e s u l t s  
o b ta in e d . A h ig h e r  in c id en ce  o f w i l t  may have occurred  in  some o f th e  
F^ l in e s  had a lo n g e r  exposure p e rio d  been  p o s s ib le .
S ev e ra l o f  th e  F^ l in e s  were h ig h ly  r e s i s t a n t  t o  w i l t .  S ix  
o r seven o f  them had means and frequency d is t r ib u t io n s  s im ila r  to  th a t  
o f D elfos 125. They may have been genotypic  re c o v e rie s  o f  th e  D elfos 
p a re n t f o r  r e s is ta n c e ;  some very  p robab ly  w ere. F^ -  12, f o r  example, 
had a  mean le s s  th a n  th e  average f o r  th e  D elfos p a re n t and a  frequency 
d i s t r ib u t io n  very  s im i la r  t o  one o f  th e  rows o f  D e lfo s . Although 
s e v e ra l o f  th e  F^ l in e s  may have been re c o v e rie s  o f th e  r e s i s ta n t  p aren t 
genotype, i t  was very  u n lik e ly  t h a t  th e  number o f p o s s ib le  re c o v e rie s  
was anywhere n e a r  th e  16 o r so l in e s  expected  f o r  a s in g le  p a i r  o f genes. 
L ikew ise, s e v e ra l  o f  th e  F^ l in e s  were v ery  s u sc e p tib le  t o  w i l t .  In  
f a c t ,  6 o r  7 o f  them had means and frequency  d is t r ib u t io n s  s u f f ic ie n t ly  
s im ila r  t o  th a t  o f  H alf and H alf as to  be co n sid e red  as p o s s ib le  
re c o v e rie s  o f th e  genotype o f  th a t  p a re n t;  some o f th e s e  l in e s  very  
p robably  were genotyp ic  re c o v e rie s  o f H alf and H a lf . I t  was very  un­
l i k e ly ,  however, th a t  th e  number o f p o s s ib le  re c o v e r ie s  o f th e  sus­
c e p t ib le  p a re n t approached th e  16 o r  so l in e s  expected  f o r  a  s in g le  f a c to r  
p a i r .
These data c le a r ly  show th a t the parents d iffered  by more than
a s in g le  fa c to r  p a ir  in  t h e ir  reaction  to  w i l t .  Although th e parents
may have d i f f e r e d  by as  many as 3 p a i r s  o f  genes f o r  w i l t  r e s i s ta n c e ,
th e  frequency with which Fg p lan ts and F  ̂ l in e s  were obtained l ik e  th e
parents was more su ggestive  o f  a d ifferen ce  o f  2 factor  p a ir s . I f  th e
p a re n ts  had d i f f e r e d  by  2 f a c to r  p a i r s ,  i t  d id  no t seem probab le  t h a t
each p a i r  had an equal e f f e c t  in  determ ining  r e s is ta n c e  o r  s u s c e p t ib i l i t y .
There should have been a number o f F  ̂ l in e s  homozygous r e s is ta n t  fo r
one fa c to r  p a ir  and homozygous su scep tib le  for  th e other fa cto r  p a ir .
I f  th e  2 p a irs  o f genes had equal e f f e c t s ,  th ese  l in e s  should have had
means approximately interm ediate between the parents. Only 2 o f th e  F^
l in e s  w ith  means in  excess o f  1 .0 0  b u t le s s  th an  3*00 gave evidence of
being homozygous. These l in e s  were Fk -  14*, with a mean o f  1 .20 , and
F -  $1 , with a  mean o f  1.9$* The fa c t  th at almost a l l  o f  th e  F_ l in e s  
3 3
which appeared homozygous were e i th e r  r e s i s ta n t  to  w ilt  o r  s u sc e p tib le  
t o  w i l t  was su g g es tiv e  o f  a d if fe re n c e  between th e  p a re n ts  f o r  a m ajor 
p a i r  o f  genes p lu s  1 o r  more p a ir s  o f  minor o r  m odifying genes* The f a c t  
t h a t  r e s is ta n c e  to  w il t  i n  th e  F^ p o p u la tio n  was no t ty p ic a l  fo r  a  
q u a n t i ta t iv e  c h a ra c te r  a lso  suggested  th a t  th e  2 o r  more p a i r s  o f genes 
d id  no t have equal e f f e c t s  in  determ ining  r e s is ta n c e  and s u s c e p t ib i l i t y  
t o  w i l t .
H e r i t a b i l i ty  -  H e r i ta b i l i ty  i s  d e fin ed  as th a t  f r a c t io n  o f  th e  
t o t a l  v a r ia t io n  th a t  i s  due t o  g e n e tic  f a c to r s .  From th e  s ta n d p o in t o f 
p la n t  b re e d in g , in fo rm atio n  i n  reg a rd  to  h e r i t a b i l i t y  i s  im portan t 
because i t  g ive3  an in d ic a t io n  o f  th e  e f fe c tiv e n e s s  with which s e le c t io n  
o f  s u p e r io r  phenotypes i n  F^ a c tu a l ly  give r i s e  t o  su p e r io r  geno types.
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I f  a character has a high h eritab ility , considerable amount of 
confidence can be placed on the selections of superior phenotypes in  
Fg. I f  a character has a low heritab ility , selections on an individual 
plant basis in Fg would be ineffective in  isolating superior F̂  lin es .
One o f th e  most e f f e c t iv e  means o f  e s tim a tin g  h e r i t a b i l i t y  i s  
by p a re n t-o f fs p r in g  c o r r e la t io n  and r e g re s s io n . S ince F^ l in e s  o f  t h i s  
c ro ss  came from Fg p la n ts  .grown on w i l t  in f e s te d  s o i l  and each Fg 
p la n t c l a s s i f i e d  in d iv id u a lly  f o r  r e a c t io n  t o  w i l t ,  an o p p o rtu n ity  was 
prov ided  f o r  e s tim a tin g  th e  degree o f  h e r i t a b i l i t y  fo r  r e s is ta n c e  t o  
w i l t  by th e se  m ethods. The w il t  c la s s  f o r  th e  Fg p la n ts ,  from which th e  
F^ l in e s  were o b ta in ed  i s  given in  T ab le  7*
The c o r r e la t io n  c o e f f ic ie n t  betw een Fg w il t  c la s s e s  and th e  
means o f F^ l i n e s ,  d e riv ed  from them , was 0 .5 6 . The re g re s s io n  o f  F^ 
means on Fg p la n t  v a lu es  was 0.9U . Both o f th e se  e s tim a te s  were h ig h ly  
s ig n i f ic a n t  and in d ic a te  th a t  s e le c t io n  f o r  r e s is ta n c e  to  w i l t  on an 
in d iv id u a l p la n t  b a s is  in  Fg would be e f f e c t iv e  in  i s o la t in g  r e s i s t a n t  
F^ l i n e s .  The p o s i t iv e  a s s o c ia t io n  between th e  b eh av io r o f  Fg p la n ts  
and t h e i r  F^ progeny f o r  r e s is ta n c e  to  w i l t  i s  i l l u s t r a t e d  in  a 
s c a t te re d  diagram  in  F igu re  1 . The average w il t  o f th e  57 F^ l in e s  was 
p lo t te d  a g a in s t th e  w i l t  c la s s  o f th e  57 Fg p la n ts  from which th ey  were 
d e riv e d .
Of th e  33 Fg p la n ts  c l a s s i f i e d  below th e  mean f o r  th e  57 Fg 
p la n ts ,  25 o f th e s e ,  76%, produced F^ l in e s  whose means were below th e  
average f o r  th e  F^ p o p u la tio n . L ikew ise, 2k Fg p la n ts  were c l a s s i f i e d  
above th e  mean f o r  th e  57 Fg p la n ts ,  17 o f  th e s e ,  71$, produced F^ 










F igu re  1 . S c a t te r  diagram  showing tho a s so c ia tio n  between 
57 Fg P ^ ^ t s  and means of lin e 3  derived  from 
them in  re sp e c t to  re s is ta n c e  to  w i l t .
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in d ic a te s  t h a t  p la n ts  c l a s s i f i e d  as r e s i s t a n t  in  Fg tended  t o  produce 
r e s i s t a n t  l i n e s ,  and p la n ts  c l a s s i f i e d  as s u s c e p tib le  in  Fg 
tended  to  produce s u sc e p tib le  F^ l i n e s .
Obviously, th e  degree of confidence one can p la c e  on th e  
p r o b a b i l i ty  th a t  th e  F^ phenotype i s  in d ic a t iv e  o f  i t s  genotype i s  
r e la te d  t o  th e  inc idence  o f  w i l t .  Where th e  in c id en ce  o f w i l t  i s  
un ifo rm ly  h ig h , much more confidence can be p laced  on th e  F2 p la n t  va lue  
as being  r e p re s e n ta t iv e  o f i t s  genotype th an  i f  th e  in c id en ce  o f  w il t  
i s  low and a h igh  p ercen tag e  o f s u s c e p tib le  p la n ts  escape in f e c t io n .
The s o i l ,  on which th e  Fg p la n ts  o f  t h i s  s tu d y  were grown, was n e i th e r  
h e a v ily  nor very  un iform ly  in fe s te d  w ith  w i l t .  The p r o b a b i l i ty  i s  th a t  
i f  th e  F^ p la n ts  had been grown and c l a s s i f i e d  on s o i l  s e v e re ly  and 
un iform ly  in fe s te d  w ith  w i l t ,  th e  e s tim a te s  o f h e r i t a b i l i t y  would have 
been  even h ig h e r .
Coker 100 Ga. x  H alf and H alf
Fg p o p u la tio n s  o f  t h i s  c ro ss  were s tu d ie d  in  P la n tin g s  No. 1 
and No. 2, in  1951* and again  in  P la n tin g  No. 5* in  1953. Two se p a ra te  
F^ p o p u la tio n s  were s tu d ie d  in  P la n tin g s  No. 5 and No. 6 .
Fg D ata -  The in c id en ce  o f w i l t  in  P la n tin g  No. 1 was not 
sev ere  n o r very  uniform  as ev iden t by th e  r e a c t io n  of 5 rows o f H alf and 
H alf grown a t random w ith in  th e  w il t  p l o t .  The average w i l t  f o r  th e s e  
rows v a r ie d  from 1.68 to  h .9 6 . F urtherm ore, th e  frequency o f se v e re ly  
in fe c te d  p la n ts  o f H alf and H alf and Fg p la n ts  was g r e a te r  in  c e r ta in  
area3 o f th e  p lo t  th a n  in  o th e r s .  Due to  i r r e g u l a r i t y  in  th e  in c id en ce  
o f w ilt  and th e  high frequency  w ith  which homozygous s u s c e p tib le  p la n ts
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escaped in f e c t io n ,  th e  r e l i a b i l i t y  o f  d a ta  c o l le c te d  from t h i s  p la n tin g  
was co n sid e red  t o  be q u e s tio n a b le .
A ll p la n ts  o f  Coker 100 Ga. grown were from th e  p a re n t p la n t ,  
Coker 100 G a .-5 , b u t n o t a l l  o f  th e  H alf and H alf p la n ts  grown were 
from th e  s u sc e p tib le  p a re n t p la n t ,  H alf and H alf-13• Tw enty-seven o f 
th e  111 H alf and H alf p la n ts  were from s i s t e r  s e le c t io n s .  E ig h teen  p la n ts  
came from H alf and H a lf-8 j 2 came from H alf and H alf-1 6 , and 7 came 
from H alf and Half-17* The rem aining Qk p la n ts  were from H alf and H a lf-  
13* Because o f  th e  ex cessiv e  environm ental v a r ia t io n ,  as w e ll as th e  
sm all number o f  p la n ts  grown f o r  c e r ta in  p ro g en ie s , a  t e s t  o f  homogeneity 
cou ld  no t be made. However, s in c e  th e  o r ig in a l  H alf and H alf s t r a i n  had 
been in b re d  f o r  a  number o f  y e a rs , i t  was con sid e red  p ro b ab le  t h a t  a l l
i
p ro g en ies  were eq u a lly  s u s c e p tib le ,  g e n e t ic a l ly .  Thus, a l l  were combined 
as r e p re s e n ta t iv e  o f th e  H alf and H alf p a re n t.
Frequency d is t r ib u t io n s  o f th e  Fg and p a re n t p la n t s ,  grown in  
P la n tin g  N o.-1 , are g iven  in  T able  8 . The average fo r  8£ p la n ts  o f  th e  
r e s i s t a n t  p a re n t was 0 .3 9 . Most o f th e  p la n ts  were in  C lass  0 t o  1 - j 
a l l  were below C lass 3 . The average f o r  111 p la n ts  o f  th e  s u s c e p tib le  
p a re n t was 3*59* V a ria tio n  w ith in  th e  H alf and H alf p a re n t was a p p re c i­
a b le . Some p la n ts  occu rred  in  each o f th e  w i l t  c la s s e s .  There was no 
d i s t i n c t  modal c l a s s .  A pparen tly , th e  phenotype o f a homozygous 
s u s c e p tib le  p la n t  in  t h i s  p la n tin g  could be in  apy w il t  c l a s s .
D is tr ib u t io n  o f h73 Fg p la n ts  was continuous from C lass  0 to  
C lass  6 . The modal c la s s  f o r  th e  Fg p o p u la tio n  was C lass 0 t o  1 - .  T his 
c la s s  co n ta in ed  o n e - th ird  o f a l l  Fg p la n t s .  The mean f o r  th e  Fg popu­
l a t i o n  was 1 .9 5 , a  va lue  alm ost id e n t ic a l  w ith  th e  a r i th m e tic a l  average
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Table 8 . Frequency d i s t r ib u t io n s  o f  th e  p a re n ts  and F« p la n ts  from 
th e  H alf and H alf-13  x  Coker 100 Ga.~5 c r o s s .  P la n tin g  No. 1 , 
1991*
Populations 0 t o  1-
W ilt c la sse s  





Coker 100 G a.-5 62 13 10 85 0.39
Half & H alf* 18 1* 5 21* 11 25 21* 111 3.59
F2 167 £2 72 90 33 29 30 1*73 1.95
^C onsisted  o f 81* p la n ts  o f  H alf and H alf-13* 18 p la n ts  o f H alf and 
H alf-8 ,  2 p la n ts  o f  H alf and H alf-1 6  and 7 p la n ts  o f  H alf and 
H alf-17 .
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o f  th e  2 p a r e n ts .  Thus, th e  frequency  d i s t r ib u t io n  in  F  ̂ was f a r  from 
b e in g  a  norm al, b e ll-sh a p e d  curve, ty p ic a l  f o r  a  q u a n t i ta t iv e  c h a ra c te r .  
N e ith e r  was th e  d i s t r ib u t io n  o f Fg p la n ts  ty p ic a l  f o r  a  q u a l i t a t iv e  
c h a ra c te r ,  s in c e  v a r ia t io n  in  Fg was continuous w ith  no c l e a r - c u t ,  d i s ­
con tinuous c la s s e s  ap p a ren t.
A lthough about o n e - th ird  o f th e  Fg p o p u la tio n  o ccu rred  i n  ClaBs 
0 t o  1 - ,  th e  modal c la s s  f o r  th e  r e s i s ta n t  p a r e n t ,  i t  was Im possib le  t o  
a r r iv e  a t  a  r e l i a b le  e s tim a te  o f  th e  number t h a t  may have been 
re c o v e r ie s  o f  th e  Coker genotype f o r  r e s i s ta n c e .  The F^ g e n e ra tio n  was 
n o t grown i n  t h i s  p la n tin g ; so , th e  phenotype o f  heterozygous p la n ts  
was unknown. However, th e  la rg e  number o f Fg p la n ts  in  C lass 0 to  1 -  
su g g ests  t h a t ,  p e rh ap s, some may have been he terozygous. A lso , th e  
perform ance, o f  H alf and H alf in d ic a te d  th a t  a number o f homozygous 
s u s c e p tib le  p la n ts  escaped in f e c t io n  and were p lac ed  in  t h i s  c la s s .
D esp ite  escapes and l i g h t  in f e c t io n ,  $9 o f  th e  U73 Fg p la n ts  
occu rred  i n  th e  sev ere  w il t  c la s se s  o f  $ and 6, and, th u s ,  c o n s id e rab ly  
exceeded th e  mean fo r  th e  H alf and H alf p a re n t.  T h is was th e  eq u iv a len t 
o f  1 out o f  8 p la n ts  o ccu rrin g  in  th e s e  severe  w i l t  c la s s e s .  S ince 
over 0% o f  th e  H alf and H alf p la n ts  occurred  in  c la s s e s  below i t  
seems p robab le  t h a t  a number o f homozygous s u s c e p tib le  Fg p la n ts  a lso  
o ccu rred  in  c la s s e s  low er th a n  5 and 6 . Thus, th e  h igh  frequency w ith  
which s u sc e p tib le  p la n ts  occurred  in  Fg was in d ic a t iv e  o f  a  d if fe re n c e  
betw een p a re n ts  f o r  only  a  few p a i r s  o f  genes f o r  w il t  r e a c t io n ,  perhaps 
no more th an  a  s in g le  p a ir*
Inc idence  of w i l t  in  P la n tin g  No. 2 was v e ry  sev ere  and uniform . 
The frequency  o f  s e v e re ly  in fe c te d  F2 p la n ts  o ccu rred  r e g u la r ly  th rough­
out th e  a re a  invo lved  i n  t h i s  s tu d y .
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I t  was u n fo rtu n a te  t h a t  th e  p la n ts  o f  each p a re n t were so few 
in  number. Only 7 p la n ts  o f  Coker 100 Ga, and 6 p la n ts  o f  H alf and 
H alf were grown and c l a s s i f i e d  f o r  r e a c t io n  t o  w i l t .  The sm all popu­
la t i o n s  o f each  p a re n t made i t  d i f f i c u l t  t o  determ ine th e  p robable  
phenotype o f  homozygous r e s i s t a n t  and s u s c e p tib le  p la n t s .  T his l im ite d  
th e  co n c lu s io n s  t h a t  co u ld  be drawn from th e  Fg d a ta ,
A ll p la n ts  o f  Coker were from th e  r e s i s t a n t  p a ren t p la n t ,
Coker 100 Ga.-f>, b u t only  U o f th e  6 p la n ts  o f  H alf and H alf were from  
th e  s u s c e p tib le  p a re n t p la n t ,  H alf and H alf-13* The 2 o th e r p la n ts  
were from H alf and H alf-17*
Frequency d i s t r ib u t io n s  o f  th e  p a re n ta l  and F  ̂ p o p u la tio n s  o f 
t h i s  p la n tin g  are  g iven  in  T ab le  9* The mean f o r  th e  7 p la n ts  o f  Coker 
100 Ga. was l , l l u  P la n ts  o f  t h i s  p a re n t ranged from C lass 0 t o  1 - t o  
C lass  3* Although th e  range in  d i s t r ib u t io n  o f  th e  Coker p a re n t in  
t h i s  p la n tin g  was no t any d i f f e r e n t  from i t s  range in  o th e r  p la n t in g s ,  
i t s  mean and frequency  o f  d i s t r ib u t io n  were d i f f e r e n t .  In  o th e r  p la n t­
in g s ,  most o f  th e  p la n ts  o f  Coker o ccu rred  in  C lass 0 to  1 - .  The f a c t  
t h a t  t h i s  was no t th e  case  in  t h i s  p la n tin g  may have been due to  
chance and th e  sm all p o p u la tio n  grown.
The average w i l t  f o r  th e  6 p la n ts  o f H alf and H alf was 5.83* 
A ll p la n ts  were in  C lasses  3> and 6t $  o f  th e  6 p la n ts  occurred  in  
C lass 6 , B oth th e  mean and frequency  d i s t r ib u t io n  o f H alf and H alf in  
t h i s  p la n tin g  were ty p ic a l  o f i t s  mean and frequency d i s t r ib u t io n  in  
o th e r  p la n tin g s  where th e  in c id en ce  o f w i l t  was sev ere  and uniform .
The average w i l t  f o r  th e  F^ p o p u la tio n  was 3 ,6 0 , T h is  value 
was approxim ately  in te rm e d ia te  betw een th e  2 p a re n ts  b u t s l ig h t ly
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T able  9# Frequency d is t r ib u t io n s  o f  th e  p a re n ts  and F p la n ts  from 
th e  H alf and H alf-13 x  Coker 100 G a.-5  c ro s s .  P la n tin g  No. 2,
1951.
P o p u la tio n s 0 t o  1 -
W ilt c la s s e s
1 2 3 h 5 6
T o ta l
p la n ts
Av.
w il t
Coker 100 G a.-5 2 3 2 7 l.H<
H alf & H alf* 1 5 6 5.83
25 17 15 59 36 31 55 238 3 .6 0
^C o n sisted  o f h p la n ts  o f  H alf and H alf-13 and 2 p la n ts  o f  H alf and 
H alf-17
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h ig h e r  th a n  t h e i r  a r i th m e tic a l  average . D is tr ib u t io n  o f  F^ p la n ts  was 
con tinuous from C lass  0 t o  C lass  6 w ithout any c le a r - c u t ,  d isco n tin u o u s  
c la s s e s  ap p a ren t. There were 2 peaks in  th e  frequency  d i s t r ib u t io n  
o f Fg p l a n t s .  One o ccu rred  a t  C lass  3j th e  o th e r  was a t  C lass  6 . 
D is tr ib u t io n  o f  Fg p la n ts  was d e f in i t e ly  skewed tow ard th e  s u sc e p tib le  
p a r e n t .  The frequency  d i s t r ib u t io n  was n o t c h a r a c te r i s t i c  o f  th e  
normal frequency  curve ty p ic a l  f o r  a  q u a n t i ta t iv e  c h a ra c te r .  Again, 
se g re g a tio n  in  Fg was n o t ty p ic a l  f o r  a  norm al, q u a l i t a t iv e  c h a ra c te r  
no r f o r  a  norm al, q u a n t i ta t iv e  c h a ra c te r .
F i f ty - f iv e  Fg p la n ts  occu rred  in  C lass  6 , th e  modal c la s s  f o r  
th e  s u s c e p t ib le  p a re n t .  T h is  was approxim ately  o n e -fo u rth  o f th e  t o t a l  
Fg p o p u la tio n . In  a d d it io n , 31 Fg p la n ts  o ccu rred  in  C lass  5 . T h is 
gave a t o t a l  o f  86 ou t o f  238 F^ p la n ts  which were w ith in  th e  s u sc e p tib le  
p a re n t pheno typ ic  range* S ince  p a r t i a l  dominance f o r  s u s c e p t ib i l i t y  
was in d ic a te d  in  Fg, some o f th e s e  p la n ts  may have been h e te ro zy g o u s. 
However, th e  phenotype o f  heterozygous p la n ts  was unknown s in c e  th e  
g e n e ra tio n  was no t grown. T w enty-five Fg p la n ts  occu rred  in  C lass  0 t o  
1 - and an a d d it io n a l  17 p la n ts  occurred  in  C lass  1 . I t  seems p ro b ab le  
th a t  each p a re n t genotype was reco v ered  a  number o f tim es in  Fg. T h is  
would suggest t h a t  n o t many p a i r s  o f genes d i f f e r e n t ia te d  th e  p a re n ts  
f o r  w i l t  r e a c t io n .  According t o  th e se  d a ta , th e y  may have d i f f e r e d  by 
no more th a n  a s in g le  f a c to r  p a i r .
A t h i r d  p la n tin g  was made o f th e  p a re n ts  and Fg p o p u la tio n  in  
P la n tin g  No. 5 , i n  1953* In c lu d ed  in  t h i s  p la n tin g  were 52 p la n ts  o f 
Coker 100 G a .-5 , i|0 p la n ts  o f H alf and H alf-13 , 39 p la n ts  o f  th e  F-̂  
g e n e ra tio n  and 72 p la n ts  o f  th e  Fg p o p u la tio n . Frequency d i s t r ib u t io n s
8U
o f th e se  p o p u la tio n s  a re  g iv en  in  T able 10*
The in c id en ce  o f  w i l t  in  t h i s  p la n tin g  was sev ere  and uniform , 
as was ev iden t by th e  perform ance o f  th e  H alf and H alf p a r e n t .  T h ir ty -  
f iv e  o f  th e  IjO p la n ts  o f  H alf and H alf o ccu rred  in  C lass  6 , Only one 
p la n t f a i le d  to  show l e a f  symptoms o f  w i l t .  I t  o ccu rred  i n  C lass  0 t o  
1 - ,  The average w i l t  f o r  th e  H alf and H alf p a re n t was 5>.6U. T h is  
d i f f e r s  co n sid e rab ly  from 0.7U , th e  average of $2 p la n ts  o f  th e  Coker 
100 G a, p a re n t .  T h ir ty - fo u r  o f  th e  $2 p la n ts  o f t h i s  p a re n t occu rred  
in  C lass 0 to  1 - ,  F iv e  p la n t s ,  however, showed l e a f  symptoms o f  w i l t .  
Four p la n ts  occurred  in  C lass  3 , and one p la n t  was p laced  in  C lass 6 ,
The average f o r  39 F^ p la n ts  was 3»5h, T h is  va lue  was approxi­
m ately in te rm e d ia te  betw een th e  p a re n ts  b u t somewhat h ig h er th a n  t h e i r  
a r i th m e tic a l  average o f  3,19•  V a r ia tio n  w ith in  th e  F-j_ p o p u la tio n  was 
ap p re c ia b le . One or more p la n ts  occu rred  in  each o f th e  w i l t  c la s s e s .  
A pparently , heterozygous p la n ts  co u ld  occur in  any w il t  c l a s s .  There 
was, however, a  d i s t i n c t  modal c la s s  f o r  th e  F^ p o p u la tio n . The mode 
occurred  a t C lass 3* T here were c o n s id e ra b ly  more p la n ts  above th e  mode 
th a n  below. Both th e  mean and d i s t r i b u t io n  o f th e  F^ p o p u la tio n  
suggested  p a r t i a l  dominance f o r  s u s c e p t ib i l i t y .  Only Ij o f  th e  39 F^ 
p la n ts  f a i l e d  to  show l e a f  symptoms o f  w i l t .
Again, d i s t r ib u t io n  i n  Fg was con tinuous from C lass  0 t o  C lass 
6 . There was, however, a d i s t i n c t  mode a t C lass  6 . Twice as many p la n ts  
occurred  in  t h i s  c la s s  as any o th e r  c l a s s .  The frequency d i s t r ib u t io n  
was a  c o n s id e rab le  d e p a rtu re  from  th e  normal frequency curve ty p ic a l  o f 
a q u a n t i ta t iv e  c h a ra c te r .  A lthough each  w i l t  c la s s  was re p re se n te d  in  
Fg, only one p la n t occu rred  in  C lass  1 . T h is  was somewhat su g g estiv e
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T ab le  10 . Frequency d i s t r ib u t io n s  o f th e  p a re n ts ,  F^ and F« p la n ts  
from th e  H alf and H alf-13 x  Coker 100 Ga.-5 c r o s s .  P la n tin g  No.
5 , 1953.
P o p u la tio n s 0 t o  1 -
W ilt
1
c la s se s  
2 3 U 5 6
T o ta l
p la n ts
Av.
w il t
Coker 100 G a.-5 3U b 9 h 1 52 0.7U
H alf & H alf-13 1 1 2 l 35 Uo 5.6U
Fi 2 1 1 20 5 3 7 39 3.5U
F2
10 1 13 10 8 8 22 72 3.58
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of- a  d isco n tin u o u s  c la s s  on th e  r e s i s t a n t  end o f th e  frequency  cu rv e . 
S ince th e r e  were b u t few  escapes i n  t h i s  p la n tin g  and, a p p a ren tly , 
no t many heterozygous p la n ts  c l a s s i f i e d  as 0 t o  1- ,  th e s e  Fg p la n ts  
may have been re c o v e r ie s  o f th e  r e s i s t a n t  p a re n t genotype f o r  
r e s i s ta n c e .
Twenty-two F^ p la n ts  were p laced  in  C lass  6 ,  th e  c la s s  in  
which 8855 o f  th e  H alf and H alf p la n ts  o ccu rred . S ince  a  number o f F^ 
p la n ts  a lso  occu rred  in  t h i s  c l a s s ,  a  p o r tio n  o f  th e  Fg p la n ts  in  
C lass 6 may have been h e te ro zy g o u s. N ev e rth e le ss , i t  seems very  prob­
ab le  t h a t  a  good p o r tio n  o f th e  22 p la n ts  may have been re c o v e rie s  o f 
th e  s u s c e p tib le  p a ren t genotype f o r  s u s c e p t ib i l i t y .
The frequency  w ith  \d iich  each p a r e n ta l  phenotype was recovered  
in  Fg su g g ested  th a t  th e  p a re n ts  d id  n o t d i f f e r  by many p a ir s  o f  genes 
f o r  r e s is ta n c e  to  w i l t .  These d a ta ,  in  p a r t i c u la r ,  suggested  th a t  th e  
p a re n ts  may no t have d i f f e r e d  by any more th an  a s in g le  p a i r  o f  g enes. 
D is tr ib u t io n  o f Fg p la n ts  in  t h i s  p la n tin g  was somewhat su g g estiv e  
th a t  r e s is ta n c e  to  w i l t  was a  q u a l i t a t iv e  c h a ra c te r  showing p a r t i a l  
dominance f o r  s u s c e p t ib i l i t y .
R esu lts  from 3 s e p a ra te  p la n tin g s  o f th e  Fg p o p u la tio n  were 
i n  agreement in  in d ic a t in g  th a t  b o th  th e  s u sc e p tib le  p a ren t genotype 
and th e  r e s i s t a n t  p a re n t genotype p robab ly  were recovered  a number o f 
tim e s . The frequency  w ith  which th e y  appeared to  have been reco v ered  
suggested  th a t  th e  p a re n t d if f e r e d  in  r e s i s ta n c e  to  w i l t  by on ly  a few 
p a i r s  o f  genes, perhaps as few as a s in g le  p a i r .
F3 D ata -  P o p u la tio n s  o f th e  2 p a re n ts ,  th e  F-̂  g en e ra tio n  and 
30 F ^ .l in e s  were grown i n  P la n tin g  No. 5 in  1953. The s o i l  on which 
t h i s  p la n tin g  was made was h e a v ily  and un ifo rm ly  in f e s te d  w ith  w i l t .
87
The means from 3 s e p a ra te  rows o f  H alf and H alf in c lu d ed  in  t h i s  p la n tin g  
were 5.1|6, 5*65 and £ .7 6 . The a re a  invo lved  was th e  same as t h a t  used 
in  P la n tin g  No. 3 in  1952.
Two rows o f  Coker 100 Ga.«5> 3 rows o f H alf and H alf-13 and 2 
rows o f th e  F^ g e n e ra tio n  were grown a t in te r v a ls  among th e  30 F^ l i n e s .  
A b u lk  sample o f s e l f - f e r t i l i z e d  seed , o b ta in ed  from th e  1951 p la n t in g ,  
was used  to  p la n t  th e  p a ren t p l o t s .  The F^ g e n e ra tio n  came from c ro sse s  
made in  1951 between progeny rows o f th e  2 p a ren t p l a n t s .  The s e l f ­
f e r t i l i z e d  seed used  t o  e s ta b l is h  th e  30 F^ l in e s  came from 30 unse­
le c te d  F^ p la n ts  grown on w i l t - f r e e  s o i l  a t  Ig u a la , Mexico du ring  th e  
w in te r  o f 1952-53. These F_̂  l in e s  were b e lie v e d  t o  have re p re se n te d  a 
random and unbiased  p o p u la tio n .
Means and frequency d is t r ib u t io n s  f o r  th e  p a r e n ta l  and F^ 
p o p u la tio n s  and th e  30 F^ l in e s  a re  given in  T able 11 . The p a re n ts ,  
ag a in , showed a w e ll d e fin ed  d if fe re n c e , a lthough  th e y  overlapped  some 
i n  t h e i r  d i s t r ib u t io n  o f p la n t s .  The mean f o r  80 p la n ts  o f  th e  Coker 
100 Ga. p a re n t was 0 .9 5 . Most o f  i t s  p la n ts  occu rred  in  C lasses  0 and 
1 - ,  b u t about 12,o showed le a f  symptoms o f w i l t .  In  f a c t ,  2 young p la n ts  
ap p a ren tly  d ied  from w il t  and were p laced  in  C lass  6 . The mean fo r  th e  
H alf and H alf p a re n t was 5.61*. About 86$ o f i t s  p la n ts  were p laced  in  
C lass 6 . Only U o f th e  107 p la n ts  f a i le d  t o  show l e a f  symptoms o f w i l t .
Two rows o f the F  ̂ population were grown. Each gave s im ila r  
means and frequency d is tr ib u tio n s . V ariation w ith in  the F^ population  
was appreciab le. Apparently, the phenotype o f  heterozygous p lan ts could  
be any w ilt  c la ss  s in ce  each c la s s  was represented by one or more F  ̂
p la n ts . Most o f the p la n ts , however, were moderately or sev ere ly
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Table 11* Frequency distributions of the parents and F- populations 
and 30 Fo lin es from the Half and Half-13 x Coker 100ua.-5 cross. 
Planting No. $, 1953*
Populations
Wilt classes___________  Total Av*
t o  1 - 1 2 3 - 3 ll 5 6 p la n ts w i l t
liU 9 17 7 1 2 80 0.95
32 3 ll 3 1 1 lili 0.61*
31 li 10 3 1 1 50 0 .82
21 9 8 5 1 1 Ii5 1.07
23 2 8 11 3 Ii7 1.17
Hi 3 15 12 5 1*9 1 .59
ll* li 9 16 7 2 2 5ii 1 .91
Hi 6 Hi 5 3 1 7 50 2.01*
22 8 6 9 ll 5 6 60 2.25
12 2 5 19 12 1 5 56 2.32
18 3 7 9 2 5 7 5 56 2.3li
12 5 5 ll 6 7 3 U7 2.1*7
17 li 2 11 8 9 6 53 2.62
1 1 6 15 6 2 1 6 38 3 .11
13 7 8 9 li 13 59 3 .Hi
6 2 7 li 7 3 3 12 lili 3 .32
5 12 8 8 5 9 52 3.37
3 1 3 Hi 26 6 U 17 7b 3 .59
6 3 li 3 9 5 9 39 3 .59
7 6 11 5 2 3 21 55 3.71
5 1 li 1 li li 12 31 3.97
3 2 2 7 3 7 13 12 Ii9 U.ol*
5 1 2 1 li 7 2 18 Uo li.l5
5 5 3 3 6 6 20 I18 li.19
5 li 9 li 8 31* 66 li.38
3 2 3 li 7 1 19 39 I1.38
1* 3 1 5 5 10 19 k7 liJi3
2 7 6 2l| 11 50 li.72
1 3 11 23 38 5 . It?
1 3 33 37 5 .86
1 li 1*5 50 5.88
2 95 57 5 .9 6
2 1 1 1 li 6 92 107 5.61i
r ib u tio n s  o f  in d iv id u a l p lo ts o f p a re n ts  and F^
3ll li 9 3 1 1 52 0.75
10 5 8 li 1 28 1 .32
2 1 1 li 16 5 3 7 39 3.51i
1 2 10 10 1 1 10 35 3 .6 6
1 1 3 21 26 5.1*6
1 1 2 1 35 -1*0 5 .65
1 2 2 36 lil 5 .7 6
Coker 100 Ga. 
Fo -  1*
Fo -  l i t
*3 -  15 
Fo -  13 
K  -  2U 
A  -  25 
Fq -  9
F3 -  6 
Fq — 30 
K  -  18 
Fq -  21 
Fq -  2 
Fq -  23 
Fq -  27 
K  -  20 
FS -  19
F1
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in fe c te d  w ith  w i l t .  In  f a c t ,  only  9% o f  th e  F^ p la n ts  f a i l e d  t o  show 
some l e a f  symptoms o f  th e  d is e a se . The modal c la s s  f o r  th e  F^ 
p o p u la tio n  was C lass 3; a  la rg e  number o f p la n ts  a ls o  o ccu rred  a t 
C lass  6 , D is tr ib u t io n  o f F^ p la n ts  appeared t o  have been  skewed tow ard 
th e  s u s c e p tib le  p a re n t .  The mean f o r  7U F^ p la n ts  was 3.59* a  v a lu e  
approxim ately  in te rm e d ia te  betw een th e  p a re n ts  though s l i g h t l y  h ig h e r  
th a n  th e  a r i th m e tic a l  average o f  3 *3 0*
The F^ l in e s  v a r ie d  in  t h e i r  mean w i l t  r e a c t io n  from l in e s  as 
r e s i s t a n t  as th e  Coker 100 Ga, p a re n t to  l in e s  as s u s c e p tib le  as th e  H alf 
and H alf p a ren t w ith  a com plete range in  betw een. The F^ l i n e s  could  
not be grouped in to  any w e ll d i f f e r e n t ia te d  groups o r c l a s s e s .  In s te a d , 
th e  more r e s i s t a n t  l in e s  v a r ie d  in  t h e i r  degree of r e s i s ta n c e ,  and th e  
more s u s c e p tib le  l in e s  v a r ie d  in  t h e i r  degree  o f s u s c e p t i b i l i t y .  D i s t r i ­
b u tio n  o f F^ l in e  means was somewhat sym m etrical though s l i g h t l y  skewed 
tow ard th e  s u sc e p tib le  p a re n t.  D is tr ib u t io n  o f F^ l i n e s  was more o r le s s  
ty p ic a l  f o r  a  q u a n t i ta t iv e  c h a ra c te r .  The d i s t r ib u t io n  d e f in i t e ly  was 
no t c h a r a c te r i s t i c  o f a q u a l i ta t iv e  c h a ra c te r .
T hree o f  th e  30 F^ l in e s  appeared t o  have been  j u s t  as r e s i s t a n t  
t o  w il t  as th e  Coker 100 Ga, p a re n t .  These l in e s  were F^ -  U, F^ -  li) 
and F^ -  If?. They were concluded to  be p robable  re c o v e r ie s  o f  th e  geno­
ty p e  o f  th a t  p a ren t f o r  r e s i s ta n c e .  An a d d it io n a l l i n e ,  F^ -  13 , may 
have been a  recovery  o f  th e  r e s i s t a n t  p a re n t,  a ls o ,  b u t i t  had to o  mapy 
p la n ts  in  C la sses  3 - and 3 to  be co n sid e red  ty p ic a l  o f  th a t  p a r e n t .
T hree F^ l in e s  appeared to  have been j u s t  as s u s c e p t ib le  to  w i l t  
as th e  H alf and H alf p a re n t ,  and, th u s ,  were co n sid e red  t o  be p ro b ab le  
re c o v e rie s  o f th e  H alf and H alf p a ren t genotype f o r  s u s c e p t i b i l i t y .
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These l in e s  were F^ -  26, F^ -  17 and F^ -  16 . L ine F^ -  8 had a  mean 
and frequency  d i s t r ib u t io n  v e ry  s im i la r  t o  H alf and H alf and, a ls o ,  
may have been a  genotypic reco v ery  o f t h a t  p a r e n t .  T h is  l i n e ,  however, 
had p ro p o r tio n a te ly  more p la n ts  i n  C lass  £ and l e s s  in  C lass 6 th a n  
was ty p ic a l  f o r  th e  H alf and H alf p a re n t .
The frequency w ith  which th e  genotype o f  each p a re n t appeared 
t o  have been recovered  in  F^ o ccu rred  a t  th e  r a t e  o f about 1 out o f  10. 
T h is frequency was co n s id e rab ly  le s s  th a n  th e  1 ou t o f  U expected  had 
th e  p a re n ts  d i f f e r e d  by a  s in g le  f a c to r  p a i r ,  b u t was g re a te r  th a n  th e
1 out o f  16 expected fo r  a  d if fe re n c e  o f  2 f a c to r  p a i r s .
A second p la n tin g  o f  F^ l i n e s ,  along w ith  th e  F^ g e n e ra tio n  
and a  p o p u la tio n  o f each p a re n t ,  was made in  P la n tin g  No. 6 , a lso  in  
1953• The a rea  invo lved  in  t h i s  p la n tin g  was th e  same as t h a t  used  in  
P la n tin g s  No. 2 and I;. The in c id e n c e  o f w i l t  was r e l a t iv e ly  heavy and 
uniform . T his was ev id en t by th e  r e a c t io n  o f  3 rows o f H alf and H alf 
in c lu d ed  in  t h i s  p la n tin g . T h e ir  means were U.81, 5.U7 and 5.6f>.
Two rows o f  Coker 100 G a., 3 rows o f H alf and H alf and 2 rows 
o f th e  F- g e n e ra tio n  were grown a t  in te r v a ls  among th e  1(0 F l i n e s .  
P la n ts  o f bo th  p a re n ts  and F^ g e n e ra tio n  came from th e  same lo t  o f  seed 
as used in  P lan tin g  No. £ , b u t th e  F^ l in e s  in  t h i s  p la n tin g  d if f e r e d  
from th o se  in  P la n tin g  No. 5 . The F^ l in e s  in c lu d ed  in  t h i s  p la n tin g  
were e s ta b lis h e d  from s e l f - f e r t i l i z e d  seed  o b ta in ed  from Fg p la n ts  
included  in  P la n tin g  No. 1 grown in  19^1. The manner in  which th e  Fg
p la n ts  were s e le c te d  fo r  progeny t e s t i n g  was d e sc rib e d  in  th e  s e c tio n
on M a te ria ls  and Methods. I t  was b e lie v e d  th a t  t h i s  group o f F^ l in e s  
re p re se n te d  a random p o p u la tio n  f o r  th e  most p a r t .
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The frequency  d is t r ib u t io n s  and means fo r  th e  2 p a r e n ts ,  th e  
g e n e ra tio n  and I4O F^ l in e s  a re  g iven  in  T able 12 . R ea c tio n  o f each 
p a re n t was ty p i c a l .  The mean f o r  th e  Coker 100 Ga. p a re n t was 0,9$; 
th e  mean f o r  th e  H alf and H alf p a re n t was 5*28. The modal c la s s  f o r  
Coker 100 Ga. was C lass 0 t o  1 - j  th e  modal c la s s  f o r  H alf and H alf was 
C lass  6 .  One p la n t o f  Coker 100 Ga. ap p aren tly  d ied  from w i l t  w hile  
in  th e  young p la n t  s ta g e  and was p la c ed  in  C la ss  6 .  F o u rteen  p e r  cen t 
o f i t s  p la n ts  showed l i g h t  l e a f  symptoms o f w i l t .  They o ccu rred  in  
C lass  3-» Only 6% o f  th e  p la n ts  o f  H alf and H alf f a i l e d  to  show l e a f  
symptoms o f w i l t .
The 2 rows o f th e  F^ p o p u la tio n  d if f e r e d  co n s id e rab ly  from 
each o th e r  in  reg a rd  t o  bo th  t h e i r  means and frequency d i s t r i b u t io n s .
T h is in d ic a te s  th e  tremendous e f f e c t  o f  environm ental v a r ia t io n  on th e  
phenotype o f heterozygous p la n t s .  Each row was approxim ately  i n t e r ­
m ediate between th e  p a re n ts  in  i t s  mean and d i s t r ib u t io n .  However, one 
row, w ith  a mean o f  2 . 31 ,  was s h i f te d  tow ard th e  r e s i s t a n t  p a re n t,  
su g g estin g  p a r t i a l  dominance fo r  r e s i s ta n c e .  The o th e r  row, w ith  a  mean 
o f 3*72, was s h if te d  tow ard th e  s u sc e p tib le  p a re n t,  su g g e s tiv e  o f p a r ­
t i a l  dominance f o r  s u s c e p t ib i l i t y .  In  each case , however, th e r e  was 
con tinuous v a r ia t io n  among in d iv id u a l F^ p la n ts  from C lass  0 t o  1 -  t o  
C lass  6 . The o v e ra l l  average f o r  101 F^ p la n ts  was 3*01. T h is  mean 
occu rred  approxim ately  mid-way in  th e  a rra y  o f  th e  F^ l i n e  means.
The perform ance o f th e  F^ g e n e ra tio n  in  t h i s  p la n tin g  was 
alm ost id e n t ic a l  w ith  th e  perform ance o f th e  F^ l in e s  invo lved  in  
P la n tin g  No. 5* The F^ l in e s  v a r ie d  i n  t h e i r  r e a c t io n  to  w i l t  from l in e s  
as r e s i s t a n t  as th e  r e s i s ta n t  p a re n t t o  l in e s  as su sc ep tib le -  as th e
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T ab le  12 . Frequency d i s t r ib u t io n s  o f th e  p a re n ts  and Fq_ p o p u la tio n s  and 
i+0 Fq l in e s  from th e  H alf and H alf-13 x  Coker 100 G a .-5  c r o s s .
P la n tin g  No. 6, 1953*
_________ Wilt classes___________  T otal
Populations 0 to  1 - 1 2 3 - 3 b 5 6 p lan ts w ilt value
Coker 100 Ga. 61 18 21; 17 1 121 0 .9 5
F~ -  66  
&  -  lilt 
F i -  59  
Fq -  53
n  -  1*7
K  -  58
26 1 10 6 ii3 0.81* 0
28 3 16 12 1 60 1 .1 3 1
22 U 12 6 1 2 1|7 1 .2 3 1
15 7 9 11 1 Ii3 1 .3 0 1
Hi 1 0 25 10 1 60 1 .3 0 0
111 6 Hi 20 2 1 57 1 .3 3 0
-  35 20 2 9 8 5 1 3 U8 1 .6 0 0
f |  -  U6
FI -  61* 
Fs -  5 0  
fo  -  39
16 3 19 9 l 2 2 52 1 .6 7 0
15 12 9 U 5 1 I16 1 .8 3 3
13 6 9 7 k 1 1 ll 16 1 .9 3 2
19 U 9 2 3 3 9 2 5 1 2 .0 6 3
F~ -  63 111 1 llj 9 6 li 3 2 53 2 .1 3 2
f |  -  55  
f £ -  61 
F i -  51  
F i -  67
21 2 5 2 5 7 5 5 52 2.21 3
11 3 10 11 12 3 1 5 5 6 2 .3 9 2
10 5 5 1 6 2 2 6 37 2.1*3 6
8 2 12 12 6 2 1 5 I18 2.1*1* 2
F« -  70
rc  -  62
7 3 9 9 8 3 2 3 111* 2.1*5 2
k 1 6 6 b ll 1 1 27 2.1*8 5
F' -  33 5 2 3 9 6 li 1 3 33 2 .6 7 0
Fq -  52
Fq -  68
6 2 5 9 9 5 2 3 U l 2 .6 8 x«*
1* 2 12 13 10 11 5 2 5 9 2.88 2
Fq -  1*5 1 3 6 11 6 2 1 5 35 2 .9 7 2
f ;  -  37 1 1 9 7 11; 3 1 li 1|0 3 .0 0 !•*
Fi  , 11 5 13 26 13 Hi 6 13 101 3.01
Fq -  143 
Fq — 56
F f - 5 7  
F< -  U2
Fq -  69  
Fq -  36
F f -  38
10 5 h 9 7 10 5 11 61 3 .0 8 1
7 2 8 8 10 7 li 12 58 3 . 21* 3
6 1 5 3 5 U 2 11 37 3.1*0 3
7 3 6 9 12 2 11 50 3.1*1* 2
5 1 U 12 6 ll ll 111 5 0 3.5U 2+
3 U 16 ii U 1 7 18 57 3 .6 0 1-
7 3 1 8 8 li 7 22 60 3 .8 6 0
f 3  - S k U 7 h 1 b ll 13 16 53 3 .9 1 ii-  i a h 5 k 9 10 12 16 60 1|.Q5 ii
f  < -  Uo 
f :  -  1*9 
F? -  65 
F i -  60
h 2 U 5 b 12 10 23 6ii I1.23 1
1 3 6 9 7 ll 28 58 U.55 3
2 1 ' 1 3 7 13 21 I18 ii.83 6
1 7 ll 8 19 39 l|.97 5
H  -  31 
F f -  1*8
3 5 7 13 35 63 5.05 0
1 2 2 9 5 25 lilt 5.05 1+
Fq -  32 2 U 7 15 3li 62 5 .2 3 0
H  -  3b 2 Ii7 Ii9 5 .9 6 0
Half & Half 3 1 li 2 7 8 21 99 11*5 5 .2 8
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Table 12* Frequency d is tr ib u tio n s  o f th e  parents and F-, populations  
and 1*0 F~ l in e s  from th e  H alf and H alf-13  x  Coker 100 Ga.-5>. 
P lanting No. 6 , 1953* (continued)
W ilt c la sse s T otal Av. p lant
Populations 0 t o  1 -  1 2 3 - 3 1* 5 6 p lan ts •wilt value
Frequency d is tr ib u tio n s  o f in d iv id u a l p lo ts  o f parents and Fq_ generation
Coker 100 Ga.-5> 37 9 5 8 59 0.66
Coker 100 Ga.-5 2k 9 19 9 1 62 1.22
F1 ' 8 k 12 15 7 I* 2 2 51* 2.31P
H alf & H alf-13
3 1 1 11 6 10 k 11 hi 3.72
3 1 2 5 5 8 30 51* 1**81
H alf & H alf-13 1 2 1 2 5 32 1*3 5.1*7
H alf & H alf-13 1 1 1 8 37 1*8 5.65
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s u s c e p tib le  p a ren t w ith  com plete g rad u a tio n s  i n  betw een. Again, th e  F^ 
l in e s  cou ld  no t be grouped in to  any w e ll d i f f e r e n t i a t e d  c la s s e s .  D i s t r i ­
b u tio n  o f  F^ l i n e  means was e s s e n t ia l ly  sym m etrical and approached th e
d i s t r ib u t io n  o f  a  normal frequency  cu rv e . D is tr ib u t io n  o f  th e s e  l i n e s  
*
f o r  r e s is ta n c e  t o  w i l t  was more o r  l e s s  ty p ic a l  o f  t h a t  expected  f o r  a  
q u a n t i ta t iv e  c h a ra c te r .
Based on bo th  means and frequency  d i s t r i b u t io n s ,  o f  th e  1;0 F^ 
l i n e s  appeared t o  have been eq u a lly  as r e s i s t a n t  t o  w i l t  as th e  Coker 
100 Ga. p a re n t .  They were b e lie v e d  to  have been  re c o v e r ie s  o f  th e  
r e s i s t a n t  p a re n t genotype fo r  re a c t io n  t o  w i l t .  One a d d it io n a l  l i n e ,  F^ -  
k l ,  was h ig h ly  r e s i s t a n t ,  and, a ls o ,  may have been a recovery  o f  th e  
Coker p a re n t genotype. However, th e r e  was a d e f ic ie n c y  o f  p la n ts  in  
C lass  0 to  1 -  which caused i t  to  be con sid e red  as a  q u e s tio n a b le  recovery  
o f  th e  genotype o f t h a t  p a re n t.
F ive  o f th e  I4O l in e s  had means and frequency d i s t r ib u t io n s
s u f f i c i e n t ly  s im ila r  t o  th e  mean and frequency d i s t r ib u t io n  o f H alf and 
H alf as t o  have been considered  p robab le  re c o v e r ie s  o f  th e  genotype o f  
th a t  p a re n t f o r  s u s c e p t ib i l i ty .  One a d d it io n a l  l i n e ,  F^ -  65, was h ig h ly  
s u sc e p tib le  to  w i l t  and, lik e w ise , may have been  a reco v ery  o f th e  geno­
ty p e  o f t h a t  p a re n t.  The r e l a t iv e  frequency o f  p la n ts  in  C lass 6 f o r  t h i s  
F^ l in e  was le s s  th a n  what was co n s id e red  to  have been  ty p ic a l  f o r  th e  
H alf and H alf p a re n t.
Thus, th e  recovery  o f k to  5 F^ l in e s  as r e s i s t a n t  as th e  r e s i s t ­
an t p a re n t and 5  t o  6 F^ l in e s  as s u s c e p tib le  as th e  s u s c e p tib le  p a re n t 
was co n s id e rab ly  le s s  th a n  the.num ber expected f o r  a  d if f e re n c e  betw een 
th e  p a re n ts  o f a  s in g le  f a c to r  p a i r .  The freq u en cy , howover, was more
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th a n  th e  number expected  had th e  p a re n ts  d if f e r e d  by 2 f a c to r  p a i r s .  
Thus, th e  frequency  o f  p robab le  re c o v e rie s  o f each p a re n ta l  genotype 
was alm ost id e n t i c a l  w ith  th e  1 ou t o f  10 r a t i o  ob ta ined  in  th e  o th e r  
p la n tin g s  o f  F^ l in e s  o f t h i s  c ro s s .
I t  was recogn ized  t h a t  some o f th e  l i n e s ,  thought to  be 
p ro b ab le  re c o v e r ie s  o f  th e  p a r e n ta l  genotypes, may n o t have been , w h ile  
o th e r  l i n e s ,  n o t con sid e red  as p robab le  re c o v e r ie s , may a c tu a l ly  have 
been  in s te a d .  F u r th e r  g en e tic  s tu d ie s  would have been n ecessa ry  to  
d e f in i t e ly  e s ta b l i s h  which were and which were no t p a re n ta l  r e c o v e r ie s .  
N e v e r th e le ss , th e  r e l a t iv e  frequency w ith  which F^ l in e s  occurred  l i k e  
each p a re n t ,  in  b o th  p la n t in g s ,  suggested  th a t  th e  p a ren ts  d i f f e r e d  by  
more th a n  one p a i r  o f  genes b u t p robably  no more than  2 p a ir s  fo r  
r e s is ta n c e  to  w i l t .  The number o f F^ l in e s  l ik e  e i th e r  one o f  th e  
p a re n ts  was c le a r ly  le s s  th a n  2 o f th e  t o t a l  p o p u la tio n  expected f o r  
a  s in g le  f a c to r  p a i r .
A lthough r e s u l t s  in  F^ were more o r le s s  ty p ic a l  f o r  a  normal 
q u a n t i ta t iv e  c h a ra c te r ,  t h i s  was no t th e  case in  F2 . The F2 p o p u la tio n , 
in  none o f i t s  p la n t in g s ,  gave a frequency d i s t r ib u t io n  ty p ic a l  fo r  a  
q u a n t i ta t iv e  c h a ra c te r .  In  f a c t ,  one of th e  Fg p la n tin g s  produced 
r e s u l t s  somewhat su g g e s tiv e  o f  a q u a l i t a t iv e  c h a ra c te r .  The f a c t  t h a t  
th e  d i s t r ib u t io n  in  Fg had some o f th e  c h a r a c te r is t ic s  o f a q u a l i t a t iv e  
c h a ra c te r  suggested  th a t  th e  p a re n ts  may have d if f e r e d  by a m ajor p lu s  
a  minor o r m odifying p a i r  o f  genes f o r  r e s is ta n c e  t o  w i l t  in s te a d  o f 2 
p a i r s  o f  genes w ith  equal e f f e c t s .  R esu lts  in  F^ were n o t in  d is a g re e ­
ment w ith  t h i s  h y p o th e s is . In  f a c t ,  th e  excess o f F^ l in e s  l i k e  each 
p a re n t over th a t  expected f o r  s eg reg a tio n  o f 2 f a c to r  p a i r s  may be
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accounted f o r  by th e  m ajor p lu s  m inor gene h y p o th e s is . For example, 
an F^ l in e  homozygous f o r  th e  m ajor f a c to r  p a i r  f o r  r e s is ta n c e  b u t 
seg reg a tin g  f o r  th e  m inor p a i r  p robab ly  would be hard  t o  d is t in g u is h  
from th e  genotype o f  th e  r e s i s t a n t  p a r e n t .  L ikew ise, an F^ l i n e  
homozygous f o r  th e  m ajor f a c to r  p a i r  f o r  s u s c e p t ib i l i t y  b u t seg reg a tin g  
fo r  th e  minor p a i r  p robab ly  would be d i f f i c u l t  t o  d is t in g u is h  from th e  
genotype o f th e  su sc e p tib le  p a re n t .  Some o f  th e  F^ l in e s  which were 
though t to  have been p a re n ta l  re c o v e r ie s  may have been o f t h i s  ty p e .
I f  so , th e  frequency  w ith  which each p a re n ta l  genotype appeared t o  have 
been recovered  in  F^ would have been o v erestim a ted  to  a  c e r t a in  e x te n t.
Furtherm ore, i f  th e  p a re n ts  had d if f e r e d  in  r e s is ta n c e  t o  w ilt  
by 2 p a i r s  o f genes o f equal e f f e c t s ,  th e r e  should  have been some 
homozygous F^ l in e s  w ith  means approxim ately  in te rm e d ia te  between th e  
p a re n ts .  These l in e s  should  have been homozygous r e s i s t a n t  f o r  one 
p a i r  o f  genes and homozygous s u s c e p tib le  f o r  th e  o th e r  p a i r .  None of 
th e  l in e s  w ith  means approxim ately  mid-way betw een th e  p a re n ts  showed 
evidence of be ing  homozygous. A ll showed an ap p rec iab le  amount o f 
v a r ia t io n  from p la n ts  f r e e  o f w i l t  t o  p la n ts  dead from w il t  w ith  almost 
com plete g rad u a tio n s  in  betw een. Most o f th e  l in e s  had p la n ts  occu rring  
in  each w ilt c l a s s .  The only F^ l in e s  which appeared to  be homozygous 
were th e  ones which were equal to  o r approached th e  Coker p a ren t in  
r e s is ta n c e  and th e  ones which were eq u a l to  o r approached th e  H alf and 
H alf p a ren t in  s u s c e p t ib i l i ty .
H e r i t a b i l i ty  -  The F^ l in e s  grown in  P la n tin g  No. 6 came from 
F2 p la n ts  grown in  P la n tin g  No. 1 . S ince th e  Fg p la n ts  were c l a s s i f i e d  
in d iv id u a lly  f o r  r e a c t io n  to  w i l t ,  th e y  prov ided  an o p p o rtu n ity  fo r
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e s tim a tin g  th e  degree o f h e r i t a b i l i t y  f o r  r e s is ta n c e  t o  w i l t  by p a re n t-
offsp rin g  co rre la tio n  and reg ressio n . The average w ilt  fo r  the 1|0 F^
lin e s  and the w ilt  c la s s  fo r  th e Fg p la n t, from which th ey  came, i s
given in  T able  12.
The c o r re la t io n  c o e f f ic ie n t  between F2 w i l t  c la s s e s  and th e
means o f  F„ l in e s  d eriv ed  from  them was 0 ,1 8 . The re g re s s io n  o f  F„ means 
3 3
on F p la n t  v a lu es  was 0 .2 l |.  Both o f th e se  s t a t i s t i c a l  v a lu es  were non- 
2
s ig n i f i c a n t .  The n o n -s ig n if ic a n t  c o r re la t io n  and re g re s s io n  c o e f f ie ie n ts
suggest t h a t  th e  phenotype o f th e  Fg p la n t  was no t in d ic a t iv e  o f i t s
genotype. Thus, s e le c t io n  fo r  r e s is ta n c e  to  w i l t  on an in d iv id u a l  p la n t
b a s is  in  F^ would n o t have been e f fe c t iv e  in  in c re a s in g  th e  frequency
o f  r e s i s t a n t  F^ l i n e s .
I t  should  be p o in ted  o u t, however, th a t  th e  in c id en ce  o f  w ilt
in  P la n tin g  No. 1 was r e l a t iv e ly  l ig h t  and not un ifo rm ly  d is tu rb e d  over
th e  a rea  in v o lv ed . A number o f homozygous s u s c e p tib le  p la n ts  escaped
in fe c t io n  in  t h i s  p la n tin g . T h is was ev iden t by th e  perform ance o f H alf
and H alf, T ab le  8 . Before a c h a ra c te r ,  such as r e s is ta n c e  to  a p a r t i c u la r
d is e a s e ,  can be expressed , th e  p la n ts  must f i r s t  be exposed to  th a t
d isea se . A number o f  the F p lants used in  e s ta b lish in g  F_ l in e s  appar-
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en tly  were not adequately exposed to  w i l t .  For th ese  reasons not much 
importance i s  attached to  the low extim ates of h e r i t a b i l i t y  obtained  
from th ese  s tu d ie s .
The F^ p o p u la tio n  involved  in  th e  h e r i t a b i l i t y  e s tim a te s  made 
f o r  th e  D elfos U25-11 x H alf and H alf-16 c ro ss  a lso  was grown in  P la n tin g  
No. 1 . The f a c t  th a t  th o se  e s tim a tes  were h igh , -while e s tim a te s  o f 
h e r i t a b i l i ty .  f o r  th e  Coker x H alf and H alf c ro ss  were low, may have been
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due to  a  lo c a t io n  e f f e c t  w ith in  P la n tin g  No. 1 . Most o f  th e  F^ p la n ts  
o f  th e  D elfos x  H alf and H alf c ro s s ,  used i n  e s ta b lis h in g  l i n e s ,  
came from an a r e a  in  which th e  in c id en ce  o f w i l t  appeared to  have been 
h e a v ie r  and more uniform  th a n  th e  a re a  in  which most o f  th e  F^ p la n ts  
o f  th e  Coker x  H alf and H alf c ro ss  were grown. There appeared t o  have 
been  more escapes and few er s e v e re ly  in fe c te d  p la n ts  among th e  F^ 
p la n ts  used i n  e s ta b l is h in g  F^ l in e s  o f  th e  Coker x H alf and H alf c ro ss  
th a n  was th e  case  f o r  th e  D elfos x  H alf and H alf c ro s s .
D elfos 1|25>-18 x  Coker 100 0 a .-5
Based on perform ance in  progeny rows, i t  had been observed th a t  
D elfos h2$ had a  s l i g h t l y  h ig h e r degree o f  r e s is ta n c e  to  w il t  th a n  
Coker 100 Ga. Com parative r a t in g s  on r e a c t io n  t o  w il t  in  th e s e  s tu d ie s  
were c o n s is te n t ly  in  agreement w ith t h a t  o b se rv a tio n . The c o n s is te n t ly  
h ig h e r degree o f  r e s is ta n c e  o f D elfos h2$ as compared to  Colcer 100 Ga. 
suggested  th a t  th e  2 s t r a i n s  may have d if f e re d  g e n e tic a l ly  in  reg a rd  to  
r e s is ta n c e  to  w i l t .  C rosses were made between D elfos 1425-18 and Coker 
100 G a.-5  in  1951 f o r  th e  purpose o f  ev a lu a tin g  t h i s  p o s s ib i l i t y .
P o p u la tio n s  o f th e  p a re n ts  as w e ll as th e  F^ and F0 g e n e ra tio n s  
o f th e  c ro ss  between th e  2 r e s i s t a n t  s t r a in s  were grow n-in P la n tin g  
No. 5 , in  1953. P o p u la tio n s  grown o f each parent, came from th e  p a ren t 
p la n ts  in v o lv ed  in  th e  c ro s s .  In c id en ce  o f w i l t  in  t h i s  p la n tin g  was 
sev ere  and uniform . S ev e ra l rows o f H alf and H alf were spaced a t 
in te rv a ls  w ith in  t h i s  p la n tin g  as a check on s e v e r i ty  and u n ifo rm ity  o f 
in f e c t io n .  The degree o f in f e c t io n  was severe  and approxim ately  equal 
in  a l l  rows.
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Frequency d i s t r ib u t io n s  o f  th e  p a r e n ts ,  F^ and F^ p o p u la tio n s  
a re  g iven  in  Table 13. One hundred and s ix  p la n ts  were grown o f th e  
D elfos b25-l8  p a re n t.  The average w i l t  c la s s  f o r  t h i s  p a re n t was 0 .8 2 . 
Most o f  i t s  p la n ts  occurred  in  C lass  0 to  1 - ,  b u t 16 o f th e  p la n ts  had 
very  l i g h t  l e a f  symptoms o f w i l t  and were p la ce d  in  C lass  3-* Two 
p la n ts  d ied  w ith  symptoms o f w i l t  and were p la ce d  in  C lass  6 .
One hundred p la n ts  were grown o f  th e  Coker 100 Ga. p a re n t .  
These p la n ts  had an average w i l t  c la s s  o f I . 6I4. The modal c la s s  fo r  
th e  Coker p a ren t was C lass 3 - ,  t u t  a  h igh  p ercen tag e  o f p la n ts  a lso  
occu rred  in  C lass 0 to  1 - and in  C lass  2. Only 3 p la n ts  o ccu rred  above 
C lass  3-* Although th e  average w il t  c la s s  f o r  th e  Coker p a re n t was 
tw ice  as high as th e  mean f o r  th e  D elfos p a re n t ,  th e re  was no t a sharp  
d i f f e r e n t i a t io n  between th e  phenotype o f  each . P la n ts  o f  each p a ren t 
had th e  same range in  d i s t r ib u t io n .
The mean w il t  c la s s  fo r  107 p la n ts  o f  th e  F^ g e n e ra tio n  was 
1.3U. T his va lue  was approxim ately  in te rm e d ia te  between th e  p a re n ts .
As was the case with both parental popu lations, most o f the F  ̂ p lan ts  
occurred in  C lasses 0 to  1 - ,  1 , 2 and 3 - .  In fa c t ,  the frequency 
d istr ib u tio n  o f the F  ̂ population was approximately interm ediate  
between the frequency d is tr ib u tio n  o f the 2 p aren ts.
The mean fo r  633 Fg p la n ts  was 1 .2 6 , a va lue  alm ost id e n t ic a l  
w ith  th e  a r i th m e tic a l  average o f th e  2 p a re n ts .  Some p la n ts  o f th e  F0 
p o p u la tio n  occurred  in  every w i l t  c l a s s .  However, as was th e  case  w ith  
p o p u la tio n s  o f each p a ren t and th e  F^ g e n e ra tio n , most p la n ts  occurred  
in  C lasses 0 to  1 - ,  2 and 3 - .  As a  m a tte r  o f f a c t ,  th e  r e l a t iv e  
frequency o f  F2 p la n ts  in  th e  v a rio u s  w ilt  c la s s e s  was very  s im i la r  to
T ab le  13 . Frequency d is t r ib u t io n s  o f th e  p a re n ts , F-, and F« p la n ts  
from  th e  D elfos k2$-l&  x  Coker 1(X) G a .-5  c ro s s . P la n tin g  No. 5j
X 953.
W ilt c la s s e s  T o ta l
P o p u la tio n s 0 to  1 - 1 2 3 - 3 k 5 6 p la n ts w i l t
D elfo s  1425-18 68 5 15 16 2 106 0.82
Coker 100 Ga.-5 28 8 21 Uo 1 1 1 100 1.6U
F1 kS 10 18 27 h 3 107 1.3U
Fo 26 9 88 117 117 2k 2 k 1)4 635 1 .2 6
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th e  average frequency  d i s t r ib u t io n  o f  th e  2 p a ren ts  and th e  F^ 
g en e ra tio n .
Evidence in  reg a rd  t o  w hether o r  no t th e  p a re n ts  d if f e r e d  
g e n e tic a l ly  f o r  r e s is ta n c e  to  w i l t  was dependent on th e  presence o r  
absence o f Fg p la n ts  having symptoms o f w i l t  more sev ere  th a n  p la n ts  
o f  e i th e r  p a re n t o r  th e  F-̂  g e n e ra tio n . A lthough some Fg p la n ts  d id  
occur in  th e  m oderate t o  sev ere  w i l t  c la s s e s  o f 3 to  6 , i t  was 
im possib le  to  determ ine w hether o r n o t th e s e  p la n ts  d i f f e r e d  g e n e ti­
c a l ly  from th e  p a re n ts .  Both p a re n ts  and th e  F^ g e n e ra tio n  a lso  had 
p la n ts  which occu rred  i n  th e  m oderate t o  severe  w il t  c la s se s  o f 3 "to 6 . 
In  f a c t ,  th e  r e l a t i v e  frequency  o f Fg p la n ts  in  C la sses  3 to  6 d id  not 
d i f f e r  ap p rec iab ly  from th e  r e l a t iv e  frequency  o f p a re n t p la n ts  and F^ 
p la n ts  in  th e s e  c la s s e s .  S ince  a  few  p la n ts  o f b o th  p a re n ts  and th e  
F^ g en e ra tio n  showed sev ere  symptoms o f w i l t ,  i t  was im possib le  to  
determ ine from th e s e  d a ta  w hether o r  no t th e  2 r e s i s t a n t  s t r a in s  
d if f e r e d  g e n e t ic a l ly  from each o th e r in  t h e i r  r e a c t io n  to  w i l t .  F^ 
l in e s  would have been n ecessa ry  to  determ ine i f  th o se  Fg p la n ts  w ith  
severe  symptoms o f  w i l t  were g e n e t ic a l ly  r e s i s t a n t  o r  s u sc e p tib le  to  
w i l t .
DISCUSSION
Since nematodes provide openings in  the root system  through  
which th e Fusarium w ilt  pathogen may en ter , d ifferen ces  in  the number 
and sp ec ie s  o f  nematodes may in d ir e c tly  bring about v a r ia tio n  in  th e  
incidence o f  w i l t .  Thus, environmental v a r ia tio n  in  th e in cid en ce of  
w ilt  may be caused by v a r ia tio n  in  the amount o f w ilt  pathogen in  the  
s o i l ,  or in d ir e c t ly , by v a r ia tio n  in  the number and sp e c ie s  o f  
p a r a s it ic  nematodes in  the s o i l  to  which the p lant i s  su sc e p t ib le .
A lso , segregation  o f genes fo r  degree o f res ista n ce  or to lera n ce  to  an 
important sp ec ie s  o f plant p a r a s it ic  nematode cou ld , con ceivab ly , 
g r e a tly  a ffe c t  Fg p lan ts and F  ̂ l in e s  in  th e ir  rea ctio n  to  w ilt .  For 
example, p lan ts  could appear to  be r e s is ta n t  to  w ilt  merely by being  
r e s is ta n t  t o  nematodes and, thereby escape w ilt  in fe c t io n .  Thus, 
nematodes could g rea tly  com plicate apy study on in h er ita n ce  of w ilt  
r e s is ta n c e , p a r ticu la r ly  i f  th e  parents d if fe r  g e n e t ic a lly  in  t h e ir  
r e s is ta n c e  or to leran ce to  the species o f nematode important in  th e  
p a rtic u la r  wilt-nem atode d isea se  complex to  which th e  p la n ts  are exposed.
The w ilt  p lo ts  at the Perkins Road Farm, on which th ese  g en etic  
s tu d ie s  were made, were h eav ily  in fe s ted  with the reniform  nematode,
R. ren iform is. Light t o  moderate populations o f th e  s p ir a l nematode, 
H elicotylenchus sp . as w e ll as very l ig h t  populations o f sev era l other  
sp ec ie s  o f p lan t p a r a s it ic  nematodes were a lso  p resen t. The sp ec ies  
considered t o  be of primary importance in  the wilt-nem atode complex on 
th e se  p lo ts  was the reniform  nematode (13, 20) .
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Jo n es , e t ,  a l . (13) showed th a t  th e  D elfos \\2$ and H alf and 
H alf p a re n t s t r a in s  were b o th  h ig h ly  s u sc e p tib le  to  th e  ren ifo rm  
nematode. Both D elfos \\2$ and H alf and H alf showed approxim ately  equal 
re d u c tio n s  in  g e n e ra l v e g e ta tiv e  v ig o r  when grown in  th e  greenhouse in  
th e  absence o f w i l t  and in  alm ost pure c u l tu re s  o f th e  ren ifo rm  nema­
to d e .  A lso , b o th  s t r a in s  appeared t o  be eq u a lly  w ell s u i te d  as host 
f o r  th e  ren ifo rm  nematode. Large and approxim ately  equal p o p u la tio n s  
o f  th e  ren ifo rm  nematode were found in  3 o i l  samples ta k e n  from under 
th e  2 s t r a i n s  o f  c o tto n  a f t e r  s e v e ra l  months o f growth in  b o th  th e  g reen ­
house and th e  f i e l d .  A ll ev idence in d ic a te d  th a t  th e  w i l t - r e s i s t a n t  
p a re n t,  D elfos k2$, and th e  w il t - s u s c e p tib le  p a re n t ,  H alf and H alf, were 
eq u a lly  s u s c e p tib le  t o  th e  ren ifo rm  nematode. Thus, i t  would appear 
t h a t  th e se  2 p a re n ts  d id  no t d i f f e r  g e n e t ic a l ly  fo r  r e s is ta n c e  o r 
to le ra n c e  to  th e  ren ifo rm  nematode, and th a t  se g reg a tio n  o f p la n ts  f o r  
r e s is ta n c e  to  w i l t  in  th e  F^ and g e n e ra tio n s  o f t h i s  c ro ss  was not 
in f lu e n c e d  by genes seg re g a tin g  f o r  to le ra n c e  to  t h i s  nematode. The 
com parative perform ance o f th e  Coker 100 Ga. and H alf and H alf p a ren t 
s t r a in s  f o r  r e a c t io n  to  th e  ren ifo rm  nematode i s  unknown.
In  s p i te  o f th e  s e v e ra l p la n tin g s  made o f th e  p a re n ts ,  F^,
Fg and F^ p o p u la tio n s , and th e  many thousands o f p la n ts  c l a s s i f i e d  f o r  
re a c t io n  t o  w i l t ,  i t  was no t always p o s s ib le  to  draw very  s p e c i f ic  and 
d e f in i t e  co n c lu sio n s  reg a rd in g  th e  in h e r ita n c e  o f r e s i s ta n c e .  S ev e ra l 
f a c to r s  may have had a  b e a rin g  on t h i s ,  in c lu d in g  th e  s tro n g  degree o f 
v a r ia t io n  w ith in  th e  F^ g e n e ra tio n  f o r  ex p ress io n  o f w i l t  symptoms.
The f a c t  th a t  heterozygous p la n ts  could occur in  any w il t  c la s s  made i t  
im possib le  to  s e p a ra te  p robab le  homozygous s u sc e p tib le  and r e s i s t a n t
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p la n t3 from heterozygous p la n t s .  T h is  was p a r t i c u la r ly  im portan t 
in  p rev en tin g  more d e f in i t e  co n c lu s io n s  from  being  drawn from th e  F^ 
d a ta .
V a ria tio n  in  th e  in c id en ce  o f w i l t  w ith in  p la n tin g s  c o n t r i ­
b u ted  g re a t ly  to  m is c la s s i f ic a t io n  o f  c e r ta in  p a re n ts ,  F- ,̂ Fg and F^ 
p la n ts  in  t h e i r  r e a c t io n  to  w i l t .  S u sc e p tib le  p la n ts  d id  no t always 
succumb t o  w i l t ,  and t h u s , - i n  su c h rc a s e s , had a  phenotype l ik e  
r e s i s t a n t  p la n t .  A lso, d if fe re n c e s  in  degree o f in f e c t io n ,  tim e o f 
in f e c t io n ,  o r  o th e r  f a c to r s  caused some v a r ia t io n  in  s e v e r i ty  o f  w il t  
symptoms among s u sc e p tib le  p la n t s .  The occurrence o f escapes and 
v a r ia t io n  in  s e v e r i ty  o f w il t  symptoms among s u s c e p tib le  p la n ts  were 
f a c to r s  th a t  had t o  be tak en  in to  account in  drawing conc lu sio n s  from 
a l l  p la n t in g s .  T h is  f a c to r  was o f p rim ary  im portance in  f a i l i n g  to  
draw noth ing  more th an  very  g e n e ra l conc lu sio n s  from  r e s u l t s  o b ta in ed  
from P la n tin g  No. 1 .
There were a few c a se s , a ls o ,  in  which a few r e s i s t a n t  p a ren t 
p la n ts  developed severe  symptoms o f w i l t .  In  most cases th e  symptoms 
occurred  when in  th e  young p la n t  s ta g e  and may have been a s so c ia te d  
w ith  R h izo cto n ia  le s io n s .  R egard less o f th e  cau se , th ey  c o n tr ib u te d  
t o  e r ro r  in  th e  c l a s s i f i c a t io n  o f -p la n ts  f o r  r e a c t io n  to  w i l t .  T h is 
f a c to r  was p r im a r ily  re sp o n s ib le  in  p rev en tin g  co n c lu sio n s  from being  
drawn in  th e  D elfos 1|2£ x  Coker 100 Ga. c ro ss  as to  whether o r  no t 
genes fo r  r e s is ta n c e  to  w i l t  in  th e  2 r e s i s t a n t  p a re n t s t r a i n s  were a t 
th e  same o r  a t d i f f e r e n t  l o c i .
These s tu d ie s  in d ic a te  t h a t  r e s is ta n c e  to  w i l t  should  be 
con sid e red  as a q u a n t i ta t iv e  c h a ra c te r  in  a b reed in g  program . That i t
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i s  a  c h a ra c te r  in f lu e n c e d  by environment i s  ev iden t from  th e  e x te n s iv e  
v a r ia t io n  among F^ p la n t s .  The e f fe c tiv e n e s s  o f s e le c t io n  f o r  r e s i s ta n c e  
cou ld  be expected  to  in c re a se  as th e  s e v e r i ty  and u n ifo rm ity  o f  in f e c t io n  
i s  in c re a se d . I f  th e  s o i l  i s  h e a v ily  and uniform ly in f e s te d  w ith  w i l t ,  
a  la rg e  number o f  g e n e t ic a l ly  s u sc e p tib le  p la n ts  p robab ly  cou ld  be 
e lim in a te d  on th e  b a s is  o f  in d iv id u a l p la n t  s e le c t io n  in  Fg and F ^,
These p la n t s ,  however, would have to  be progeny t e s t e d  in  F^ and F^ in  
o rd e r t o  i s o l a t e  l in e s  homozygous f o r  bo th  m ajor and m odifying genes f o r  
w i l t - r e s i s ta n c e .  I f  one i s  in te r e s te d  in  o b ta in in g  maximum r e s is ta n c e  
t o  w i l t ,  a t te n t io n  must a lso  be g iven  t o  th e  modifying genes fo r  
r e s i s ta n c e .  Because o f t h i s ,  i t  i s  c le a r  th a t  a  rep e a ted  backcross 
program would no t be w e ll s u ite d  to  th e  t r a n s f e r  o f f u l l  r e s is ta n c e  from 
one s t r a i n  to  an o th e r . G rea te r  success could be expected  from th e  use 
o f  a re g u la r  p ed ig ree  s e le c t io n  program o r from a m odified  b ack cro ss in g  
program in  which each backcross cycle  i s  a l te rn a te d  w ith  a g e n e ra tio n  
o f  s e lf in g  and progeny te s t in g  o f  the  s e le c te d  p la n ts  in  o rd e r to  
id e n t i f y  th e  genotype o f  l in e s  to  be invo lved  in  f u r th e r  b a ck c ro sse s .
R e su lts  from th e se  s tu d ie s  were, to  a la rg e  e x te n t ,  in  agreement 
w ith  th o se  re p o rte d  by Smith and Dick (3 5 ). They re p o rte d  th a t  F^ l in e s  
showed continuous v a r ia t io n  in  percen tage o f w ilt  in fe c te d  p la n ts  and 
t h a t  no c le a r  s e p a ra tio n  could be made between homozygous o r  heterozygous 
r e s i s t a n t  o r s u sc e p tib le  c la s s e s .  They a lso  found th a t  about 13% of 
th e  F^ l in e s  ev a lu a ted  were as r e s i s ta n t  as th e  r e s i s t a n t  p a re n t ,  Cook 
307, and 12% were as s u s c e p tib le  as th e  su sc e p tib le  p a re n t ,  H u rle y 's  
Rowden. The s tu d y  by Sm ith and Dick was made on s o i l  in fe s te d  
w ith  w i l t  and ro o t-k n o t nem atodes. S ince th e  p a re n ts  o f  t h e i r  c ro ss
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d i f f e r e d  in  r e s i s ta n c e  to  th e  ro o t-k n o t nem atodes, in  a d d itio n  t o  w i l t ,  
th e y  a t t r ib u te d  th e  contiriuous v a r ia t io n  among F^ l in e s  t o  se g re g a tio n  
o f  b o th  Fusarium  and roo t-lcno t r e s i s t a n t  genes. They p o in ted  out th a t  
th e  r e s u l t s  a ls o  suggested  th e  p o s s i b i l i t y  o f minor o r  m odifying genes 
f o r  w i l t - r e s is ta n c e  in  a d d it io n  to  a  m ajor p a i r  b u t t h a t  th e  r e l a t io n ­
sh ip  o f nematodes t o  th e  in c id e n ce  o f w i l t  made i t  d i f f i c u l t  to  
s e p a ra te  th e s e  from  th e  in d i r e c t  e f f e c t  o f  genes f o r  nematode re s is ta n c e *  
R esu lts  o b ta in ed  from t h i s  s tu d y  in  re fe re n c e  t o  dominance, 
however, were no t in  agreement w ith  th e  conc lu sio n s  reached  by Smith and 
Dick (35) and Je n k in s , e t .  a l ,  (12) t h a t  r e s is ta n c e  to  w i l t  was f u l ly  
dom inant. In d iv id u a l F^ p la n ts  o f  b o th  th e  D elfos 1*25 x  H alf and H alf 
c ro ss  and th e  Coker 100 Ga. x  H alf and H alf c ro ss  were v e ry  v a r ia b le  in  
t h e i r  r e a c t io n  to  w i l t  w ith  some p la n ts  o ccu rrin g  in  every w i l t  c la s s .  
However, means fo r  th e  F^ and F^ g e n e ra tio n s  o f b o th  c ro sse s  were 
approxim ately  in te rm e d ia te  betw een th e  p a re n ts .  In  none o f th e  s e v e ra l  
p la n tin g s  o f  th e  F^ g en e ra tio n s  o f e i th e r  c ro ss  was th e re  evidence of 
com plete dominance f o r  r e s is ta n c e  o r s u s c e p t ib i l i t y .
SUMMARY
In h e r i ta n c e  o f r e s is ta n c e  t o  Fusarium  w il t  was s tu d ie d  in  
s e v e ra l  p la n tin g s  o f  th e  p a re n ts ,  FP  Fg and F^ p o p u la tio n s  o f  2 c ro sse s  
betw een w i l t - r e s i s t a n t  and w i l t - s u s c e p t ib le  s t r a in s  o f Upland c o t to n .
H alf and H alf was th e  common w il t - s u s c e p tib le  p a re n t in  th e  2 c ro s s e s ,  
D elfos 1+25 was th e  r e s i s t a n t  p a ren t in  one c ro ss  and Coker 100 Ga, was 
th e  r e s i s t a n t  p a re n t in  th e  o th e r .  The p a re n ts ,  F-̂  and Fg p o p u la tio n s  
o f a  c ro ss  between th e  2 r e s i s t a n t  p a re n ts , D elfos 1+25 and Coker 100 Ga. 
were a lso  s tu d ie d .
A ll p la n tin g s  o f th e  above p o p u la tio n s  were made in  th e  f i e l d  
on s o i l  n a tu r a l ly  in fe s te d  w ith  Fusarium  w il t  and th e  ren ifo rm  nem atode. 
P la n ts  were c l a s s i f i e d  fo r  degree o f in fe c t io n  based on bo th  v a s c u la r  
d is c o lo ra t io n  and l e a f  symptoms of th e  d is e a s e .  S tu d ie s  were made during  
1951, 1952 and 1953.
C la s s i f ic a t io n  o f p la n ts  f o r  degree o f w i l t - in f e c t io n  in  th e  
s e v e ra l  p la n t in g s  o f th e  above p o p u la tio n s  le d  to  th e  fo llo w in g  r e s u l t s  
and co n c lu sio n s;
1 ,  R es is tan ce  to  w il t  in  bo th  th e  D elfos 1*25 x  H alf and H alf 
c ro ss  and th e  Coker 100 Ga. x  H alf and H alf c ro ss  showed absence o f 
com plete dominance. The means fo r  th e  F^ and Fg p o p u la tio n s  o f  th e  
D elfos 1+25 x  H alf and H alf c ro ss  were e i th e r  in te rm e d ia te  between th e  
p a re n ts  o r  s l i g h t ly  s h if te d  tow ard th e  r e s i s ta n t  p a re n t .  The means f o r  
th e  and Fg p o p u la tio n s  o f th e  Coker 100 Ga. x  H alf and H alf c ro ss  
were e i th e r  in te rm e d ia te  between th e  p a re n ts  o r s l i g h t l y  s h i f t e d  tow ard
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th e  s u s c e p tib le  p a r e n t .  In  b o th  c ro s s e s , v a r ia t io n  among in d iv id u a l
F p la n ts  was a p p re c ia b le . I n  a l l  p la n t in g s ,  some F^ p la n ts  
1
occurred  in  every  w i l t  c l a s s .  I t  was concluded from  t h i s  t h a t  p la n ts  
heterozygous f o r  r e s is ta n c e  to  w i l t  were g r e a t ly  in f lu e n c e d  by 
environment in  t h e i r  r e a c t io n  to  w i l t .  The phenotype o f  heterozygous 
p la n t s ,  ap p a ren tly , cou ld  be any w i l t  c l a s s .
2. V a ria tio n  among in d iv id u a l  F p la n ts  and F* l i n e  means, 
in  bo th  c ro s se s , was continuous from f u l ly  r e s i s t a n t  to  f u l l y  suscep­
t i b l e  w ith  a l l  degrees o f  in f e c t io n  in  betw een .' C le a r -c u t,  
d isco n tin u o u s c la s s e s ,  based  on degree o f  in f e c t io n ,  were ab sen t. For 
th e se  re a so n s , r e s is ta n c e  t o  Fusarium  w i l t  was co n sid e red  to  be a 
q u a n t i ta t iv e  c h a ra c te r .
3 . A la rg e  number o f  p la n ts  occu rred  in  th e  F^ p o p u la tio n  o f 
b o th  c ro sses  t h a t  were h ig h ly  r e s i s t a n t  t o  w ilt  and a  la rg e  number 
occurred  th a t  were h ig h ly  s u s c e p tib le  to  w i l t .
U. A number o f  F^ l in e s  were reco v ered  in  bo th  th e  D elfos x  
H alf and H alf c ro ss  and th e  Coker x  H alf and H alf c ro ss  which appeared 
t o  be j u s t  as r e s i s t a n t  as th e  r e s i s t a n t  p a ren t and a  number occurred  
which appeared t o  be j u s t  a s  s u s c e p tib le  as th e  s u s c e p tib le  p a re n t .
The frequency w ith  which each p a ren t ty p e  appeared to  have o ccu rred  in  
F^ was about 1 out o f 16 f o r  th e  D elfos b2$ x  H alf and H alf c ro ss  and 
1 out o f  10 f o r  th e  Coker x  H alf and H alf c ro s s .
The frequency o f p robab le  p a r e n ta l  re c o v e r ie s  in  th e  F^ 
g e n e ra tio n  of b o th  c ro sse s  in d ic a te d  th a t  th e  p a re n ts  d if f e re d  in  t h e i r  
r e a c t io n  t o  w i l t  by a t  l e a s t  2 b u t p robab ly  no more th a n  3 f a c to r  p a i r s .
6 . Although co n tin u o u s, th e  frequency  d i s t r ib u t io n  in  Fg and 
F^ was d i f f e r e n t  from th a t  expected f o r  a ty p ic a l  q u a n t i ta t iv e  c h a ra c te r
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in  both c r o s se s . The frequency d is tr ib u tio n  was not symmetrical and 
in  other ways was considerably  d iffe r e n t  from a normal frequency 
curve ty p ic a l  fo r  a q u a n tita tiv e  character.
7 . The almost conplete absence o f homozygous appearing F  ̂
l in e s  w ith means somewhat interm ediate between the parents in  both  
crosses suggested th a t the 2 or more pairs o f genes were not o f  equal 
e f fe c t  in  determ ining r e s is ta n c e  to  w i l t .  The only l in e s  th a t  
appeared t o  be homozygous had means which were equal to  or approached 
the mean o f  the r e s is ta n t  parent or o f the su scep tib le  parent. This 
behavior, p lus the fa c t  th a t th e frequency d is tr ib u tio n  in  and F̂  
was not ty p ic a l  fo r  a q u a n tita tiv e  character, suggested that D elfos  
h2$ and Coker 100 Ga. may have d iffered  from Half and H alf in  
res is ta n ce  t o  w ilt  by a major p a ir  o f  genes p lus one or more pairs o f  
modifying or minor gen es.
8 . Estim ates o f h e r i ta b i l i t y  for w ilt-r e 3 is ta n c e  were high 
in  th e  D elfos b,2S x  Half and Half cross but low in  the Coker 100 Ga. x  
H alf and Half cross as measured by parent-offspring  c o rre la tio n  and 
reg ressio n . The in co n sisten cy  in  the r e s u lts  may have been due to  the  
ir r e g u la r ity  in  th e  incidence o f  w ilt  in  the Fg p lo ts .  There appeared 
to  have been more escapes and fewer severely  in fec ted  p lants among th e  
Fg p lan ts  used to  e s ta b lish  F  ̂ l in e s  fo r  th e Coker 100 Ga. x Half and 
Half cross than for the D elfos h2% x  Half and Half c r o ss .
9• Parents, F  ̂ and F  ̂ populations were grown from th e  D elfos  
h2$ x  Coker 100 Ga. cross in  an e ffo r t  to  determine whether or not gene3 
fo r  r e s is ta n c e  to  w ilt  in  th e 2 s tra in s  occurred at th e  same l o c i .  
Evidence for  or against a g e n e t ic a l d ifferen ce  between the 2 s tr a in s
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f o r  r e s is ta n c e  t o  w il t  was dependent on th e  p resence  o r  absence o f  F2 
p la n ts  w ith  symptoms o f w i l t  more severe  th a n  p la n ts  o f  e i th e r  p a re n t 
o r th e  F^ g e n e ra tio n . A lthough some Fg p la n ts  occurred  w ith  m oderate 
to  sev ere  symptoms o f  w i l t ,  i t  was im possib le  to  determ ine w hether o r  
not th e s e  p la n ts  d i f f e r e d  g e n e t ic a l ly  from th e  p a re n ts  s in ce  some 
se v e re ly  in fe c te d  p la n ts  a lso  o ccu rred  f o r  b o th  p a re n ts  and th e  F^ 
g e n e ra tio n .
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